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PllEFACE TO THE FOURTH EDITION. 

The present edition differs chiefly from the third (1913) by 
the inclusion of a short chapter on the early history of 
Agricultural Chemistry. 

The opportunity has been taken of adding short accounts of 
some additional crops, especially fruits, and of introducing new 
matter relative to digestion and the feeding of animals. 

The constitution and the products of hydrolysis of proteids, 
the deficiencies of some proteids for feeding purposes and the 
functions of ‘‘vitamines ” in nutrition are subjects upon which 
important work is being done. While these matters are still 
incompletely cleared up, it is inadvisable to be too dogmatic 
about them in a text-book, but their great importance claims 
that they should be brought to the notice of the earnest student. 

The whole work has been revised, the index enlarged and 
corrected throughout, and the book extended in length by some 
thirty or forty pages. 

Leeds, December y 1919 . 




IMtKFAt’K TO TJIK THIlil) KiHTION. 


T:h:k rapifl <.*xhaiiBtifin of thr (ItMiH; t-i,I jIimh tiii.n ^ivni 

the; avitlifa* an c)i>|Mirtunity of fuily roviniii^ IIk* work afai i#f rr- 
writini^^ cc!rtain jHirfcioim whirli !h«» wlvatum of iiaii 

renclercul ii(;c*,oHHary. 

A fhw oniisBioiiH from tlio former hmwn Iiiiit* 
and iniu'li injw maitnr lian m\iU*it *Y\w- hfn^k han, in noio 

Ke(iuc;nr(% ^n’own cnaiBidormhly in Iml, hy iiii alirnilioii 

in the; typn“Hntii^^^ it han hvvn firiHBiblii in ii/voiil mi iriorrufir in 
the nuniher of ii« pa^njH. 

Originally, tlu! work ch^alt %vit..h tin* tdioiiiiHtry iiini ji!iyBin.H 
of BiibjoctH relating. t*KchiBivol}% tii KiigiiBti iiiiriiiiliiirij. liiil, 
in tlio proHont oehtiom Bomr* rc‘f<>ri„*nnc; }iii« liitoti iiiailii in llio. 
chenuBtry of cropBof iTOpiriii and BuhirofTica! m will I 

aB to cjUOHtionH of Btock4oo«hiig in oifiar liirwk* 

Bnch incliiHicmB, it in ho|i0d, will not nVidia* tlio hook hm 
intoroHting to tho MngliHh roiidi'r, and niiiy ho of Ki*rvif*« to ihr* 
actual or intending colonint. 

llie arrangianent of BohjectH adojiied in llio lirBi ■rrhiion 
han, with viuy little^ ohango, boon folh;avofl in l!i«? [iromnit iiiHiir, 
and the authcu’ iruHts that tla; faviuinthlo rore|aioii iirrr»rdrfi lu 
the earlitn* iBHiiCH may hi* oxtondo*} to iIiih tliinl I'ditioio and 
that tlici hook niny do^t^rvi* and retain itn pfihiljon an a U^xl- 
hook for ihoHi* HtndentH of a.grie}iltiiro who aJiejni) a 

fair kiiDwIedgr* nt gmoral elieniintry 

Tlte author gratefully ludiiiowledgoH llie viilinihh' lieip la* 
liaH received, tii thi* projnaration of i:*dilit,iti, frofii Iiib iimtHl- 
ant, Mr. Jiiiinm H'ili, %vho hitB eofitrlhittial the drawings 

for Beveral of tin* ilhtHtraitoitB, Iuih greiitly lieljtrd in the 
correction of the proof-BlieetH, and rf'^p*iHihlr hir 
to this' new wiitiom 


Bc4riaciiifiiiuio Jttnmiry, C.illi 




rUKVAdi TO THK KJITST KDITlOX. 


The pri'Sf'nt voIumh^ is Imsfcl upon !<‘ciuruH dcIivcn’tHl a.nnually 
for si*veral years past, by thet author, to (dassc^s (jf a|»ri<'.ultural 
Htndorit.s, niany of wiuan liad alrcaidy a<ajuirod Houui kriow- 
ledl^e of ginieral cdunuistry. Thorcj has always bocui diflicndtiV 
in finding a text-hook suited to tlu^ re(|uirt*nu!niH of Hue.h 
stiidontH. An atteiniit has Ihortjfon^ htsai made* in thiH work b) 
preHinii to th(‘ reader Hoine, at h^ast, of iiu5 many prr^bkauH cjf 
agrieulture on \vdii<!li chenniHiry and idiysicH may tlu*(>w liglit. 
In all eiiHOH, the writer has endoavoured to avokl cuupirie 
statementH, and to giv<s as far as poHsibh?, an (‘Xplanation of 
th(‘ facds or plnnionuma doserilHid. 

(hirrent litoratuo' has b<u*n frtiely (ionsulted, and whitnevor 
possible, ntferenee to the source* of tlie information has be«*n 
given. fn Home few instances, peirhaps, this may not have? 
iMam done, ifi tfu.^ preparation of kadaua* note.s it < if ten 
haii|ienH tluit matbe* is incorporated without a» reetml <if its 
origin being made. In most eastm, tlie original papi*r is named, 
and, if fore%m, the abstract in the Journal of thr iUivmintl 
Sovirhj^ or in i\\o Jtuirnnl tf thr Horietij oj (Ihvmiral fnduninj 
has, if I'lossible, also been cpioted. 

Miicli originality is not ox|H;(;ted in a manual, ex(^«^pi, pea* 
hups, in the arrangenumi and order of tlui sulijecd. matter ; but 
the aiitlior ventures to hofsi that not only is iiie liook novel in 
Hrtopc! and style, but that cc^rtain views therein exprensi’cl are 
originiil and may prove'of servie.e* Thus, in the introductory 
tdiapler, the account of tlie distribution and redative fdimtdam*e 
of tlii? elemenlH ffontairis soirm idcjas, not, so far m lie is awi*4’e, 
to be found elsevvherm (.’hapterH lA'., X,/ and, XIV,," toe, will 
he found to coritain matter not giuu*rally available. 

OHiiiosiH and difiUBion appr.'ar to lie. c^ommonlv rcvgarcbal by 
bfiiaiiiHts ns nytumymom terms, and nmch c.onfimioii seemH to 
exist as to thc^ |)arts which osmotic presHure and <liffimion jdfiy 
in the processcH of plant life. 


* XL ht tliii fcifial editlfiri. 


'^XV, III t.liff iJilel 



vi PEEFACE TO THE FIEST EDITION 

In the tenth chapter,^ an attempt has been made to explair 
the essential difference between true diffusion through a porous 
membrane and the setting up of osmotic pressure when solu¬ 
tions of different concentrations are separated by a semi-per¬ 
meable membrane, and to point out the application of the 
knowledge of these phenomena to the particular case of a 
plant’s roots. 

In the description of Brown and Escombe’s valuable re¬ 
searches on the manner in which carbon dioxide is assimilated 
by plants, through the stomata of the leaves, the author has 
ventured to explain the results by a method which he devised 
in 1890, and which is based on the generally accepted kinetic 
theory of gases. 

The book does not profess to be a laboratory manual, but 
in several instances accounts of various analytical processes, 
applicable to agricultural products, are given with a view of 
enabling the reader to understand and appreciate the results 
of analyses. Many of these processes are such as the author 
himself uses, and certain little modifications which he has 
found useful are described. 

The diagrams are of simple character, intended to show, as 
clearly as possible, the particular points desired. 

The author wishes here to express his indebtedness to many 
friends for assistance in various ways: particularly would he 
acknowledge the help of one of his students—Mr. Herbert 
Hunter—who has kindly prepared the index. 

Leeds, March, 1902. 

1 Now eleventh. 
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IN'TK*()I)r(TI()X. 


K.Ain.V illSTUKY uK M1 UK'ri.TI'U,\l. l'11 i'.M Is'llt V, 

AciHU’nvmcK tlioujih practisril from t,h<‘ caj’lii'Kl (iiiifH n’rnairHn! 
ptirrly aji art thouj^fi an art \vlii<^h attainf<! a ^rcH>t stuu:nHH uril.il 
coMiparaUvijly rncHiit tlayn wlinii ({{‘Virlfijunonts of (^horruHtr'y, 
biology anci otliiu’ branoiios of natui’al soiouoo bogrtn to tlirow light* 
upon many of tho practieon of agrioultin-o which had been aa r-ived at 
by tlic lahoriouH nti*lhod-5 of trial and cxpcriciua’. 

Indeed, it rmiy be s;ud that the greatent help atfor'de<l by the 
applicalioiiH of chemicril, iiiiysicsal an<l Iiiological prineipleH in agri 
cnltiiO! Inis been in giving reasons for tlu! pi’a<!ticf‘H which birmeni 
have adopted long ago in the pm*suit of their calling. 

Tins statement <lor*s not infer that niodmai science has beini of 
little value to the agriculturist, for* a knowledge of tin; r*easons why a 
particubu* pnictici' is on the whob* advantageoim, caanfern a giaaii 
power of Htill further improving the nauiiods and of ada|Uhrg them to 
snit particular cases. 

An iiornfuise store of empiric facts relating to farming praoiioc 
luid heim accunrulatijd by long gemautions of farmerH, but thenct could 
not lai properly eorridated and made full uhi* of until the advitnet* of 
scieiicf* provided the recjiiisilf! explanations. 

Agricultural cheunistry could not exist until pno? chmnistry hiifl 
developfah ^o w* find our suhject was in a very fiazy and unsatis¬ 
factory eonditlou until the writings of Ihdiert Hoyle {and .I'oHeph 
Hliick (l7o5), tlifi iliscovcah^s (U' Joseph iVieHtbyv (1774) and Ifitiiry 
Cavendish (17H4), and the systematic arrangenumtH of Lii.voiHier 
and John Dalton (IHIH) laid tht» fomiclatiouH of modern eheitdciil 
ilieory. 

As an illuHtraiioii of f.he large amount of knowletlge iicf|iiirefl by 
agriciiltiiral ex|ir'riciice it^nioug tlie ancieritH, refereiice rniiy lif» trinde 
to llif3 treatise ou flusbandry written by Juriiris Motleniliw 
C'olumelia in Home aljout .\.n. 50. An HrigliHh irarislitiiori 
published in 1745 aiid consists of a large <juaito vohimf» of fMIl pagiif*. 

In this work, which gives a most cfim|.ib*b3 accoiiMt of iliii %vhole 
of farming practice?, inehiding descriptions of farm biiililings, iil ilit* 

1 
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live stock of the farm—horses, horned cattle. li-. 

poultry, fish, bees; of the preparation of pickles, viin-uar. hn*..i u u 
wine, etc.—many facts connected with nmnurid^? 
which only in recent times have been satistactorily r'XjiiHinc.l, 

For example, on page 91, he says, after niciiiioninu* ih>' \ai i< 
kinds of dung used as manure: “Yea, ashes also uM'i -ool iinv,- (« 
of great benefit to things that are either planted or sinvii un i s 

stalks of lupins cut down, strengthen as much as tin■ m ,l!in„ 

A little later, he says: “Supposing the hushatiilirmn vvi-n- 
of these things, yet certainly the most expeditious and restdy n 

of lupins can never be wanting-to him, which, wlii-ti he sttaners ih* 
upon poor land about the thirteenth of Beptendicr nn<i |,!ov,,. i!j. 
in, and then, in due time, cuts them down, tsither with tli** 
share or the spade, will have as good effect as tlie lu-xt atid 
dung whatsoever 

In these and other passages he clearly shows that llii* **fl*“r 
of growing lupins, tares and other leguminous crojm li 

fertility of the land were well known in his tiine, ihmik^h iiti ^ 5 tii 
factory explanation of the fact was forthcoming until 

Until the principle of the indestructibility of rriiittCfr 
nised, little progress in chemistry or its applicaliorts csoiihl iinni 
The earlier chemists or alchemists, though tht*y jicciiMiiihi!* 
much empiric knowledge, chiefly of a qmdituiier or 
character, made but little scientific progress, inicl it was not iiiiiii i l 
balance came into use in chemical operatioxis that a full 
iCould be given of any chemical change, A niatifrialistic vimv i 
nature and things was essential to the progrcigs of Hcuonot? and tl 
rejection of the old Aristotelian “ elements i ro/ hii 

-water, ox of the more recent “ first principlesof nu 

-mercury, and even of the principle of inflariimidiilii.y— - 
of Beecher (1625-1685) and Stahl (1660-17;M) haci ia iiriaa^de th 
inauguration of modern chemistry. 

One of the first questions which suggests itself in ecjiiiirrin,. 
with agricultural chemistry is: of what materials are iiiiul 

up and from whence do they obtain them ? 

To this question no satisfactory answer could hit 1411,^1*11 by ili 
earlier chemists. They were too much addicted 10 
natural phenomena by recourse to imaginary priiieipit*t%’’ <) 

'‘elements” (the latter word, however, not being used lit its iiiOfler; 
sense, but rather as representing such qualitie«^ iis liaif 4 f‘ 4 s, 
dryness,” “ coldness,” or “moistness”). B"or emmph% nmw* of tli 
alchemists attribute plant -growth to a “balsamick jiiire, 

1 Vide Chap. XII, p. 271. 
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present in fertile, but deficient in barren soils. One of the earliest 
theories as to the nature of the food of plants was that of Joannes 
Baptista van Helmont (1577-1644). A translation of his works, 
edited by his son, Francis Mercurius van Helmont, into English was 
made by John Chandler and published in 1662 by Ludovick Loyd, 
'‘and are to be sold at his shop next the castle in Cornhill,” under 
the title, “Van Helmont’s Physick Eefined”. 

It forms a large quarto volume of 1161 pages and is a most 
verbose work, consisting largely of abuse of the contemporary 
physicians and surgeons. Intermingled with much that to us now 
seems little better than nonsense are many descriptions of experi¬ 
ments which show considerable ingenuity. On I3age 109 occurs this 
passage:— 

“ But I have learned by this handicraft operation that all 
vegetables do immediately and materially proceed out of the element 
of water only. For I took an earthen vessel in which I put 200 
pounds of earth that had been dried in a furnace, which moystened 
with rain water and I implanted therein the trunk or stem of a 
willow tree weighing five pounds, and at length, five years being 
finished, the tree sprung from thence did weigh 169 pounds and 
about three ounces. But I moystened the earthen vessel with rain¬ 
water or distilled water (always when there was need) and it was 
large and implanted into the earth and least the dust that flew about 
should be co-mingled with the earth I covered the lip or mouth of 
the vessel with an iron plate covered with tin, and easily passable 
with many holes. I computed not the weight of the leaves that fell 
off in the four Autumnes. At length I again dried the earth of the 
vessel and there were found the same 200 pounds wanting about two 
ounces. Therefore 164 pounds of wood, bark and roots arose out of 
water onely.” 

Van Helmont made many experiments and considering the 
times in which he lived, exhibited considerable skill and logical 
reasoning power. He invented the word “gas” and mentions 
several kinds of gas, of which his “ gas sylvestre ” was undoubtedly 
■carbon dioxide. 

Van Helmont’s view that vegetable matter was entirely derived 
from water was not generally received, but for years afterwards no 
clear ideas as to the origin of the food of plants were held. It is 
interesting to note that the sagacious Lord Bacon (died 1626) made 
a guess (for it does not seem to be more) as to the source of the 
largest portion of a plant's tissue. 

In his “ Sylva Sylvarum,” published (after his death) by Dr. W. 
Eawley in 1651, after describing how certain bulbs and roots, will, 
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when placed on a house top, sprout and grow, sending out sliools or 
branches, he says (p. 8): *‘But it is a Noble Trial, and of Vi*ry gn-at 
Consequence, to trie whether these things, in the B])routing, doe 
increase Weight; which must be tried i)y weighing them Ijidbrp they 
be hang’d up; And afterwards againe when they are sprouted, h'or 
if they increase not in Weight: Then it is no more })ut this : Thai what 
they send forth in the Sprout, they leese (lose) in sonifi other Fart; 
But if they gather weight, then it is Maijmde Naturae ; For it sh«‘Wf*th 
that Ai’re may be made so Condensed as to he converted into a I >ense 
Body';»-whereas the Race and Period of ail things, here aliove tin* 
Barth, is to extenuate and turne things to be more Pmninmticall and 
Rare. * And not to, be Retrograde, from Prieumaticall to that whicdi m 
Dense. It sheweth also that Aire can Nourish, winch is another 
great Matter of Consequence.’' 

About 1700, Jethro Tull convinced himself that the growtli ol 
plants depended upon the fineness of the particloH of the soil in 
which they were grown, and in a book which attained sorae celebrity 
—^‘Horse-hoeing Husbandry,” the first part of which was puhlished 
in 1731—he taught that the use of manure was imnecesHary if tin* 
soil were mechanically reduced to a sufficiently fine state of huIi- 
division. In fact, he regarded manure as being mainly useful becaiiwy 
by its fermentation in the soil, it aided in pulverising tlu? coarser 
particles. Therefore, he argued, if this work of pulvejrisation can lie 
effected more cheaply by tillage operations, maruires might h«* <iis- 
pensed with. In the cultivation of wheat he drilled two rows ten 
inches apart, in ridges five or six feet apart, and between the ridges 
he directed that the soil should be kept oiien and stirred by jilougliing 
and hoeing. 

His views as to the food of plants are peculiar, and tlie arguments 
he employs are ingenious and have an apparently strong logical 
weight. He criticises van Helmont’s theory as to water being the 
food of plants and dismisses the hypothesis that air could form any 
part of a ponderable body. 

In a chapter on “ The Pasture of Plants,” he defines the “ pasture ” 
as being the “ superficies ” from whence the pabulum is taken by the 
roots. He explains the meaning he attaches to the inner or interim! 
superficies of the soil very clearly as being the superficies of the 
pores or interstices of the soil, and then states that “ the mouths or 
‘ lacteals ’ of the roots take in their pabulum (being jim parihlm of 
earth) from the superficies of the pores or cavities wherein the roots 
are included ”. He regards these fine particles as so small that they 
adhere to the larger particles of soil and can only be removed by tliB 
roots with “the assistance of water which helps to loosen them 
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The main object of agriculture, according to these views, is to 
increase the “pasture” of plants by increasing the “internal super¬ 
ficies ” by division of the soil by tillage operations. 

A collated edition of TulTs “ Horse-hoeing Husbandry ” was 
published by William Cobbett in 1829, and with its copious notes, 
addenda and preface, affords a good example of clear andvdogical 
reasoning, based, however, upon a false assumption as to the source 
and nature of the food of plants. It served a good purpose in em¬ 
phasising the advantages of frequent tillage of the land. 

Little advance in our knowledge of the source of plant food 
was possible until the chemical nature of the atmosp)here had been 
investigated, until the discoveries of Priestley, Scheele, Caven¬ 
dish and Black led to some clearer knowledge of the properties of 
oxygen, nitrogen, carbon dioxide and other gases. 

Priestley ^ noticed that air in which a candle had burned until it 
was extinguished was no longer able to support the combustion of a 
candle or to permit of respiration by a mouse, but if kept in contact 
with a growing plant for some time, again recovered its original 
powers of supporting combustion or respiration. 

His first experiment on this subject was made on the 17th 
August, 1771, when he put a sprig of mint into air in which a wax 
candle had burned out, and on the 27th of August he found the air 
would again allow a candle to burn in it. He showed also that other 
plants—balm, groundsel, spinach, etc., had the same effect. Later 
he proved that aquatic plants, growing in water containing “ fixed 
air ” («.e., carbon dioxide), evolved bubbles of oxygen, but only when 
under the influence of light. Unfortunately, Priestley’s adherence to 
the phlogiston theory prevented him from reaping the full reward 
from his numerous and valuable discoveries, and Lavoisier’s great 
work as a chemist consisted largely in correlating and systematising 
into a consistent theory the facts discovered by Priestley and others. 
John Ingenhousz (1730-1799) published in 1779, “Experiments on 
Yegetables,” in which he describes experiments confirmatory of the 
results obtained by Priestley. 

The first book in English on Agricultural Chemistry was published 
in 1795 by the Earl of Dundonald under the title,- “ A Treatise 
shewing the intimate connection that subsists between Agriculture 
and Chemistry addressed to the Cultivators of the Soil, to the Pro¬ 
prietors of Fens and Mosses in Great Britain and Ireland and to the 
Proprietors of West Indian Estates”. But the amount of new light 
which the book threw on its subject was certainly not proportional 
to the length of its title. Indeed, chemical knowledge was not 

^ Born at Fieldhead, near Leeds, 1733; died, 1804. 
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sufficiently developed to allow of its being of much use to the farmer 
at this date. All the same the work is of interest, giving, as it does, 
much information as to the methods used and recommended in the 
treatment of land, the use of various manures, lime, peat, etc., and 
short descriptions of many saline substances (e.cj., sulphates of 
alumina, lime, magnesia and iron, nitrates of lime and magnesia, 
phosphates of lime, magnesia and iron, oxalate of lime) and their 
effect upon vegetation. 

His views as to the composition of vegetable matter may be 
gathered from the following quotations: '‘Vegetables are nourished, 
supported and formed by air, water, earth, heat, light, and certain 
saline substances; and in a particular manner, by their own exuviae, 
or remains, when reduced to a lit state to answer that purpose ”; 
“ Vegetables consist of mucilaginous matter, resinous matter, matter 
analogous to that of animals, and some of a proportion of oil”; 
“Vegetables are found to be composed of gases with a small 
proportion of calcareous matter But, in another place, he says that 
the ash of vegetables contains soluble matter—alkaline and neutral 
salts—and insoluble matter, chiefly phosphate of lime. By the term 
“ matter analogous to that of animals ” or “ animalised matter,” he 
evidently means what is now known as protein or albuminoids. 

In 1804, de Saussure published his chemical researches on 
vegetation in which he shows that the largest portion of a plant is 
built up of matter derived from the air, but that the ash constituents, 
which are absolutely essential to the growth of the plant, are derived 
from the soil. 

During the first thirty years or so of the 19th century little advance 
in agricultural chemistry was made, though the delivery of a series of 
lectures on the subject, from 1802 to 1812, by Sir Humphrey Davy, and 
their publication in book form in 1831, did much to emphasise the 
importance of applying chemical principles to agriculture. Davy's 
treatise dwelt rather upon the importance of the physical and 
mechanical properties of soils in determining their fertility, and threw 
but little light upon the influence of their chemical composition. 

Tow-ards the middle of the 19th century, the subject received more 
and more attention and great advances were made in our knowledge 
of plant growth. 

Boussingault (1802-1887) commenced about 1835 a series of ex¬ 
periments in a chemical laboratory erected on a farm (thus being the 
pioneer of “agricultural experiment stations”) and did much valuable 
work in many branches of agricultural chemistry. 

Liebig (1803-1873), the great master of organic chemistry, devoted 
some time to agricultural chemistry, and in 1840 presented a Report 
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to the British Association for the Advancement of Science, which was 
afterwards published in book form as Chemistry in its Application 
to Agriculture and Physiology”. Its appearance marked an epoch 
in agricultural chemistry, for its author was peculiarly well fitted to 
survey the whole field and to bring forward many new facts in organic 
chemistry, many of which he himself had discovered, and which threw 
new light upon the life processes of plants and animals. 

The so-called “humus theory,” mz., that plants obtain the greater 
part of their substance from the organic matter of the soil, a view 
first distinctly taught by Thaer about the end of the 18th century, 
was still widely held, and Liebig strongly combated this theory. He 
also explained, in a very clear manner, the importance of the relatively 
small quantities of mineral matter which a plant contains, and restated, 
in a more emphatic manner, the views of de Saussure on this subject, 
He pointed out that the most important constituents of manures were 
phosphates and potash, and though at first he also included combined 
nitrogen, he later seems to have concluded that it was not necessary 
to employ nitrogenous manures, as he was of opinion that atmospheric 
ammonia, nitrites and nitrates, brought down by the rain or absorbed 
by the soil from the air, provided sufficient nitrogen for the needs of a 
crop. 

This view is often alluded to as Liebig’s “Mineral Theory” and, 
as we know, can no longer be held as applying to most farm crops, 
whose dependence upon supplies of combined nitrogen is now fully 
recognised. 

A practical improvement which we owe to Liebig is the manu¬ 
facture and use of “ dissolved bones ” and superphosphates. Bones, 
as a manure, began to be used about 1775, it is said, first in Yorkshire,^ 
and their value was so much realised by English farmers that they 
were imported in large quantities from the Continent of Europe. 

Liebig, indeed, declared that “England is robbing all other 
countries of their fertility. iVlready in her eagerness for bones she 
has turned up the battlefields of Leipsic and Waterloo and of the 
Crimea ; already from the catacombs of Sicily she has carried away 
the skeletons of many successive generations. Like a vampire she 
hangs upon the neck of Europe, nay, of the whole world and sucks 
the heart blood from nations without a thought of justice towards 
them; without a shadow of lasting advantage to herself.” 

This protest, which sounds as bitter as those of some of his modern 
countrymen during the recent war, was really only meant as a warning 
against the too lavish use of bones, and Liebig, in 1840, discovered 
that, by treatment with sulphuric acid, bones could be greatly improved 

1 Aikman, “Manures and Manuring,” 1894. 
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as a fertiliser, being rendered tlH‘reb\ nnieii h, .ijhI. bi 

every more efficacious. Tliis lr«l to tin- ny tin* 

commercial scale, of dissolved bont's and, l.'Uri, of “ iiini* ial aiin r 
phosphate '* by Sir John Lawes. 

Since .1840, progress in agricultural eheiuinuy lia^ l>ri-y ioih’Ii iiifiri* 
raj^id, and space will not allow of any neeoinil beiiii^ h* ii uf ihf* 

many advances that have betm made. In sid»-i*i|urj3i f*!i'i}4!t*r> re¬ 
ference will be made to the discoverers aiid da!«rtf m| iip 

po^tant steps in the growth of our knowled-ie. 


(’liW^TKU I. 


Fi xdamkxtal Finxt ii’LKH. 

'(‘fiKMisTHV has n.u iuiiiiiatf* cfijUM'C'iirai with lln‘ prr>t <»r iif»\ 
both iifiiiiijtl jiial I’hi* prof.i’Hst^H invoivtni in \Hj}i 

oiiii.'iia, fJicrm^ cKanirririg iu thi* hchI ami in iiuHt niiiisraJ u|»»a’a- 

lions, ai’p aitoiicifal by hIow (chemical ohuu^oH, oftou mo «!oni{»{r^ in 
oh:uvu;if*r that thoy itn* ditricailt to unra.vt‘l. 'Dio ro'dinar) 

Htiaiont HcajuirOH inym a faniiliarity witli roiiotiotis, whirh. hh 

rult% proeoful f|uickly a {ii»fmiii‘ atal wolhioarki’tl tfi'niiim-tioii. 
This, hahtocl, in tin* oani* with tho viist iuaj<»rity (»f ohi'iiitt'af 
occurriii^ in iho indiiHtrioM, and, for tla* iiicmt ntu’li aao 

thoroii^dily iui«h*r.H'i<)od ajal can In* Hatisfactoiily explained. 

but with the (diJUi| 4 i*H takin^^ |iiac,c in fuiiinal.s and plaids, or even 
ill the Hoil, il'H‘ resic.lioiiH are nnic.h more involved, pirrll) hecanse of 
till' complexity of the HiitmlanceH conc'.erned, partly on account id” tlie 
-coiidiiionH mater wliic-h tliey caanir, and partly heca-um* of the nuineroiiH 
■f‘!iaris{f*B which may proceeii HiniultaneoUHly. Hindi chemicatl remiionH 
occur lietwiam HuimtiinceH tti Molntion, and tlie final condition of lapiili- 
liriuru bctwcaui two reacdJni^ HuhHlaiua-H in determined hv thi* relative 
c^'mccntriiticin of tlie hc riveni in tin* various diHHolved HtibHlanceH. In 
nature, the Moliitbim are imiially viny dilute, and tin* effect of t he rela! rvc- 
nmsHCH of the reiicldii|4 HiilwtanccH inflnenccH tin* fimtJ reHidt to a far 
greateryixlfiiit thiin i» I,tic canc in ordinary lahoratory reacljonM. 

Agriciiltuml climniHtry Im^ often to deal with clianges of ild^ com- 
plc‘X character, and in all iitteinptH to explaiii Hnr»li clmiig»’s it is 
iiecesHiiry to take into <au*f*ful coiiHidfU’ation the coin! it ions under 
whiidi they occur. 

Tlie border line between (dif'iinMiry and phy.HicH, m, indef*d, l#e 
tween any two coiiveniional divlHiorm of nainral Mcience. In ncd. ckairlv 
defined,^iwicl, iiiiiorig the fiiciorH affecting cheinical cliiingeH of I In* Idn*! 
imder^diHciissiofu phyt^iciil coiiditionH, c.f/,, tf-unperatiio^ and |ireMmiii% 
lire often of iniicli iiii|antit.iice. Otln*r |ittri*iy physicai pitenoitiriiHj 
iiniong whicsli irmy mentioiied difftwlon, o.?4niOHiHiind Hiirfiice pi't^MHure, 
piny fin itTi|)ortiirifc part in vita! procenHCH itml am often fdfrmdv irili’r ' 
tvoveri iidtii cli<!rr«mJ changes. 

In the preHCiti voliinn* referenee will have to be iitndt^ in iiiri.ttv 
phenoiiiemi wdiicli are nnl piir#dy chemicid, aiid it will he to 

pye. wine accrnni! of »iihjectH wdnedg perhfi|ii4, iimy I«* regiirilfsl hh 

wloiiforiK to jihyMii^w, gcijlo^y or biology riititor tiuKi to tilH’Oiittry 
•Suol) oigrt'HmonH tu'«< iiicvitstblf!, if cUnvr lutii ntli'iiusito of 

many tiatwral pnwmt's juc to in* attfmjttecl. 

m 


FUNDAMJiXTAr- I'lMNCl f. 

In the application of chemistry to a^r'enltiin* ciihi^h lyjHr in 

which the trut^h of the old adage, “ A little kiiDwle..ige ih a ckiigerpti. 
thin- ” becomes strikingly apparent, and the* corichinioiiH a,rri%Td ail t roiii 
tL clinsideration of a particular problem from thc^ of 

arv elementary chemistry, are quite opposite to the remiltH of iieitiiil 
nractice Such contradictions arise, not from any nmmnmtum m 
General principles, but through leaving out of conHiclemtioii llii* 
effects produced by some apparently insignificant cireiiiriHtaiiceH err 

^^^It is^evident, therefore, that although there is no distinct af^rkiilitimi 
chemistry, yet the problems which arise in agriciiiture dmmml ii kiiow- 
ledge of chemistry in which due attention is given to the iMtcyliar cir¬ 
cumstances under which the reactions take place. 

In this work it will be assumed that the reiuhrr an ac¬ 

quaintance with general elementary chemistry and in familiar with tliii 
properties of the more commonly occurring elements and their chief 

compounds. . i . » 

The student of agricultural chemistry soon hnds that of the eighty 
odd elements which are known, only a comparativiily siiiiill riiitiibav 
some twelve or fourteen, are concerned in most of the changei whicli 
are brought before his notice. It may |>arhap8 Im advisable to very 
briefly remind the reader of the properties of tnese irtipottant 
the mode of their occurrence, and the chameteristies of mmm of iliirir 
compounds. The elements which are most imporiiint to living or¬ 
ganisms are—hydrogen, oxygen, nitrogen, carlK>n,siiI|ilnir, |ihos|ihm^ 
potassium, sodium, calcium, magnesium, iroig sificon, iilijitiiiiiwtto 
chlorine and fluorine. 


Hydrogen. —This substance, as its name implies, m a constituent 
of water. Its most important chemical properties are its strong ten* 
dency to combine with oxygen, the act of union being 
by the evolution of a large amount of heat, and its power of Miiitirig in 
a vast number of different proportions with mrbon, to form tliiil very 
numerous and important group of botlies known m the hydrocarlmris. 
It also enters into the composition of almost all coinpourids existiiig 
in the bodies of plants'and animals, i.c., into n»rly tdl forms cif or* 
ganic matter. Its atomic weight is the smallest of all the eleiiioiits mid 
was formerly taken as unity, but now it is more iisual to iakit oxygi'ii 
= _16 as the basis of atomic weights, that of hydrogem on this Miiilif 
being about 1*008. Consequently, though the propmtbri by widglii of 
hydrogen in the substances comprising the crust of the m Hiiiiilb 
yet the number of atoms qf hydrogen actually existciiit ftiiil laliiig piwi 
in the changes going on, must be very large compifctml with tho*ii of 
other .elements’apparently (and by weight) much more abutwiaiit* 
Take water for example-—here the hydrogen by weight 
only ^ of the total and the oxvgen yet there really ar# twicp m 
many atoms of hydrOgen as of oxygen, as indicated by ih© foitimla 
H 2 O. , In reality, the^ relative amounli of eleineiitt prcfifiil iti liny 
system, so far as their chemical activity is coitcerniM, ought to Iw 
measured by the respective numters of atoms priiwmi, by thi»ir 
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respective weights. Regarded in this way, hydrogen is of relatively 
far greater importance and abundance than is usually estimated 
{vide p. 24). 

Oxygen is perhaps the most important element known. It is by 
far the most abundant, and takes part in a greater number of the 
chemical changes occurring in nature than any other element. It is, 
indeed, chiefly remarkable for its activity and its power of uniting with 
almost all other elements. 

Its method of preparation and chief properties are well known to* 
all students of chemistry, being appropriately chosen for consideration 
early in their course of study. 

Its union with other bodies is usually attended with the evolution 
of much heat and often light. Present in the free state in air, it plays 
an important part in the chemical actions attendant upon the pro¬ 
cesses of respiration, combustion, decay and almost all the forms of 
“ weathering ” which occur around us. 

Oxidation, i.e., union with oxygen, is a process of great importance. 
The life of animals especially, may be said almost to consist of oxida¬ 
tion. So, too, the changes occurring in the soil, the fermenting ” of 
hay, ensilage, etc., the putrefaction and decay of animal matter, and 
many other processes are largely dependent upon combination with 
oxygen. Union with oxygen is almost invariably accompanied by the 
evolution of heat; in fact, to union with oxygen most artificial and 
many natural sources of heat (and hence of energy) owe their efficiency., 
The rapid combination of substances with oxygen is generally accom¬ 
panied by the attainment of a high temperature and is instanced by 
most processes of combustion or burning. In such cases, the heat 
evolved is rendered evident, but in others, the slow combination of 
substances with oxygen evolves the heat so gradually that conduction 
and radiation are able to carry it away almost as fast as it is produced, 
consequently no distinct rise of temperature may be perceptible. A 
very important fact, and one which should always be kept in mind, is 
that, in all cases, the union of a given weight of a substance with 
oxygen evolves the same quantity of heat, however slowly or quickly 
the process of oxidation may take place; provided, of course, that the 
final product be the same. 

It is thus possible to determine experimentally the actual quantity 
of heat (and thus of energy) evolved by the union of any fixed weight 
of various combustibles with oxygen, and the numbers so obtained 
will apply to all cases of burning in which these combustibles take 
part. 

Heat is measured by the quantity of water which it can raise 
through 1° C. (or in some cases 1'’ R.). The number of units of mass 
{e.g., pounds or grammes) of water which can be raised through I"* 0. 
by the union of the unit of mass {i.e., 1 lb. or 1 gramme) of the com¬ 
bustible with oxygen, is called the heat of combustion or the calorific 
power of the substance. 

The following table gives the calorific power of a number of sub¬ 
stances 
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I. 


Hubstance. 


Graiiiiiies of water raised 
1° 0. in temperature by tbe 
combustion of 1 gramme 
of the substance. 


Charcoal. 8080 

Hydrogen .. 34460 

Air-dried wood ..2800 

Charred wood. 3600 

Average coal. 7500 

Good coke. 7050 

Albumin (serum) ........ 5918 

Casein.. . 5800 

Albumin (egg). 5735 

Muscle .. 5600 

Peptone. 5300 

Asparagine ..3514 

Urea. 2542 

Eat of pig.. . 9477 

„ ox., 9486 

„ ,, sheep. 9494 

„ ,, butter.' 9216 

Olive oil. 9400 

Rape-seed oil. 9500 

Arabinose . . . .. 3780 

Glucose . .. 3740 

Galactose. 3720 

Eructose. 3755 

Cane sugar. 3955 

Milk sugar (cryst.). 3736 

„ ,, (anhyd.) . . . . • . . . 3952 

Maltose (cryst.). 3722 

„ (anhyd.). 3949 

Cellulose.4185 

Starch.4182 


As has been stated, the heat of combustion of a substance is con¬ 
stant, whatever be the manner in which union with oxygen occurs, 
provided only that the same final products be obtained. The tempera¬ 
ture attained, however, varies greatly with the conditions under which 
combination takes place. For example, the temperatures reached when 
substances are burnt in pure oxygen are much higher than when they 
burn in air, though the same products are formed and, as is seen from 
the above statements, the same quantities of heat are evolved in both 
cases. It will be easily seen why such different temperatures are 
produced,—the combustion in pure oxygen takes place more rapidly, 
in a smaller space (generally with a smaller flame) and the process is 
carried on without a large amount of cool, indifferent gas (nitrogen) 
which would abstract heat and keep the temperature down, while in 
air, the conditions are just the opposite. 

A still more extreme case is furnished by the many processes of 
slow oxidation or combustion which occur so frequently in nature. 
Under ordinary circumstances, these processes generate heat only at 
about the same rate as it is carried away by contact with surrounding 
objects, consequently little or no elevation of temperature occurs, but 
occasionally, the rate of loss of heat may be greatly diminished, when 
a decided and, in some oases, a destructive rise of temperature ensues. 











|mrii«iilarly favoumhii* (drcuiiiHtatice*H tb* kmH c,d' 111*11.1 iiiii.y_ bii 
so Miiiill ihiit till* lictiial |joinl (that in, thii iit 

which rafiiil iiiiioii with oxyi^cri, acccHiipanifil hy tlanif, occiirw) ih 
ri*achi:*d and th«* itiiiHH takes fire. Hiich cast's tif “ spontaritaius caini* 
laiHtiori ” occur fairly frec|ue!itly. (’oinnion causes are 

L Slow oxidation of drying oils, as in greasy waste in iiiiils; 

2. Feriiif?iitativ«j chauges produced hy bacteria, e.f/., in hayntaekH, 
in the iriaiiitfacture of tobacco; 

*L Blow oxiilatioii of certain ininerals, r.#/., iron pyriii^s in c^oal; 
and miveral others. Those of interest in agriindtiire will be, diHcnsHial 

lahir. 

Another instaiu;e of slow e,oml>ustion pmthiciug only a vrs'y sligiit 
elevation of tenipt‘riittu’e Is affordetl hy tla* reHfdratory processes of 
aniinals. Here tlie digented foot! acts an the. cornbimtible. and the pro¬ 
cess of union witli oxygen takes plact*. in the, tissues hy ineans of the 
blood, which absorbs the oxygen from tbuiir in the lungs, ttie, chief 
product of (joinluistion, carbon dioxide, being carrii'd by blood to 
the luiigti stud tbuice* returned to the atmosphere, hi this ease, a« in 
ill! otl'UU’s, the amount of heat producr'd is douhtlesH exactly proper* 
tional to the jiinoiint of thf! food materials oxirliHeti, thotigh its measure¬ 
ment is complicated liy many other proceHHf»s, involving heat and 
energy changes, going on in tlie bcHly. 

Nitrogen is |iresi*nt in largit proportion in iho air, where it exists 
in the free state* hi combination, nitrogen occurs Imt ran.dy, save in 
siibBtancim which owij their origin to animal or Vi*gi;tal>le life. liHltstd, 
of purely minemi siibHlfinces containing it we know vtuy few, if any. 
The deposits of rdtmtim, (tjj,, of sodium and iKitaHsium nttratifs, which 
are found in certain hot climatfmand which anj largely used iih iiources 
of combhiiMl nitrogiiti, have almost certainly been forrntMl liy the saimi 
ageneies which produce nitrates in all fertile H6ils-i-bacdxsria'“-4ind |atile 
ably from the mnie «ouroeii~organic nitrogenous bcslies. Onltkti 
other elemetite, tiiirogoti appcmiii to oceiir only on the outermost parts 
of our globt, either in the atmoaphere or, if umlmground, witliiti 
a very short distance of the surface of the einih, the only noteworthy 
exception to this being the occurrence of coal and carboniferous sliiiJfi, 
which iwiiiilly contain about I per cent of combined nitrogen. It itiiisl. 
he reifiemiMmMl, however, that those deposits are of vcgetalde origin and 
were formed iit the surface. The properties of frn«^ nitrogen art? well 
known; it is a eoloiirlesii, oilourless gas, posmtssitig little, climiiipii! 
activity, taking part in very few of the changes occurring in the ii|. 
moHphfirt!.^ Indeed, its most remarkable charactitriMtic is its gifUfiral 
cheiiiicid inerttiimH. It accompanies oxygen in all the, nmliitiidiiiotw 
proce,«seH In which the latter takes such an active part and, in most 
inslances, e«ca|je» mieiiiiiigifd. (Jnly by very mtnmm ttiimiis ciiii It bi 
cawseil to eombirie with othffr subsfcanc€*s and usually heat is iiliwrbsl 
by the act of union. 

The coinpoiiridH of nitrogen, imlike the ekment iisiflf, are extremely 
active chemically and miiny of them arc of gnmt importanci*. 

AH organisms, whtghor plant or aumml, ra|iitr« iitiriigiutmii$ 
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coinpoumlB to build up thoir tinnupH. C'aiii|Kiiiii 4 - 011114: 14?414141 
theraforo are emfuitial iui^reflifiilH in the tmal o! ht» 4 i 

and aninialH. M'an}' powerful riiefbdiii*H mid rofiUiu 

pruHsic acitl (iill'N) ami aii the iilkakritl’^, <1! v^hieli 

iiifirpliiiii* i(\ II 3 >4 fn- 

given "an "typen. Manv nitrcigeu couipoiiinh me lin^vibl,* 

and readily nplit up into Hiiii|d«*r Iwidiim, llif* niinigeii Imuu iJ’-fe-r- 
aliy net free; they are often violeiillv ex|ibHivi% r.^., .!i «4 

C.jf-L,(NOy).j, and gun eotton, 

We thuB Bee that whili* free nitrogen ii of eriiii|iarntividy lilih’ v;yip4 
ifeH compouiulH are of the utnamt ini|)ortiiiice to all hung beings, i mij* 
BBqiunitly, the ineana of utiliBing riitrogenoiiH imfti|weiii 4 % mid nt po*^ 
venting their wiwttn often Irmrling to the lilierritbri nf lie* eoiiip.iriitH^*'iy 
uHeleBH fraf‘. nitrogen, are mMU*rH of iiileiiHe iind gifnt iifi. 

portance. liy HOnie chemsHtB it ifi thciiighl lliiil ^iiiiidi* h yf 
oompouiuk will fail xin long ladore the %viiiii of |« 4 ii^i 4 

or other fertilising siihHtaiief*« lieeoiiwm ft*Il 4 

It iB to he hoped that liy iiimuB of llie imeleria 

which grow in nodidoH u|>on the root fmirn of te^rimii legiittofioiw 
plants, or in some other way (by hringiiig iiliotil iis iiiiioii mitli ii%ygrii 
to form nitmtes, or with liydrogi.ni to fonii aitiiriciiiiii *| 11 iiisii. hi. 
found possible to abstract from the alirioii|ihere iiiiroii« 4 i tci 

supply the wants of both plariis and ftiiiiiiiilH for fiiiiny ip'iiiniii''**, 
NaverthehiSH, the rapid imhanstion of cair ile|aisiH of snd tin# 

enormous quantities of viiltiahle nitwginmm ttlindi aii* 

allowed to run to waste in the spwuige of citir large wioioiis 

matters for consideration as alfeotnig the fiiiiire ^iijij 4 ie% of tld*»i 
indisi'jcnsable combined idtrogisn 

Carbon is, perhaps, more thiiii itiiy of the oilier iw^ntuiifeil 

with the proeesitis oCdife. it eonstitiites m largi* prrijwotiiiii liv m eight 
■of the ■solid portionsof all ariimiils and pliints. In |li*« tiiitientl kitigdofii 
it is also abundant, oociirririg in iinmrmm* ipiiiniifies m railintino^s, 
those of oalciiiiti, iimgiiesiurig iron, /dim, lend and iirijifii*r ll 
also oeours in the air in the form of carlaiii flionisie, iln'' iiifioiirii. of 
which, tholigh small n^latividy to the other crMtsiiiiieiiin of air, is. ale 
solutely, eonsiderfihle and is conslafitly liidng tviieweil. 

The propertici of the thr^t aHolt^pie foriiis rif earlaifi are fully 
descrlbaa in any general l^xtliook of ohi¥ttiNlrj4 They ari? iicii «f an) 
particular imporlatiee from our pwimmi «laiitlj,ioiiii. iiiore me 

portant are th© nurntrotti cotnnoutifk .which carkiii hmm, 

with hyclro|en and oiygtn, atm %vith fiyilrcig#«, o%x0m mnl fiiirogeii 

Indeed, It m with thti© eomimuntU of carlwni llWl alnirei! all ilie 
chemistry of th# nulrilkm of a«tmal« and iilitils k iioiirerfiefi. aim 
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tht? cbeijrucai of carbon coiupuiui<ls, y<‘t they staiul towiirtlH 

cariion in an cHHcutialiy diPermit anpcct^ for while Uit* lih» of lui luiiniiil 
eventually le.ads to the more or less ct>ni|.>li.*te Djcidation of tlie carbon 
in tliC! food consiutied and the const*qin‘nt ‘production of carhon 
dioxide, the charactfa'inticH of a plant’s vit4il |>rocesHeH are the separa'- 
tion of carbon from carbon dioxidf^ ami tlie formatioti of less oxidineil 
car 1 JOn compound h. 

The former iirocesH is atteialed by the liberatifjn of ener^^y iti the 
form of heat ami mechanical work, tlic* latter by stn absorptaui tuitl 
storing up of energy recr»ivi!d in tht; form of light, 

Caii)on is nunarkable for its powtn* of uniting in a vast iiumbm* 
of pro|K)rtionH with hydrogen and with hytirogen atid oxygen. Titis 
|K:)W(‘r IS |)icture«l by thej chetnist as being due to the atoniH of carbon 
|>ossessing a tendmicy to link tlnuuselves together. 

To take a simple case, then* are several stuies of hydr^jcmiions 
known, of whicdi tb* following may Ije taken as rc*|>reHentatives :.- 


TIm* 

P.'iralliu 

n 

Tilt* t.Jli’tlUrt Hii 

CIlj or 

!!-»-(•.4i 

H 

aitjnr 


H 

It 



11. 

c.^ibi ot 


thH.ur ! 

’...If 

? 



i 

H 

1 

It 


It 

U--C- M 


j 


CJ'l, «f 

If. 

1 

1 

I»r H 



1 



I 

H 


eic. 

Pit. 


In t&ch of those two series it wdll hi.? oliserviai tliiii every 
lufimber diffiw from the one preceding it by 01.1^ and its grapliiiiiil 
formula is written by simply adding a carlK>n ato'rn aitimhed to im^ti 
hydrogen atoms batweeti the terminal groups in tin,? cliiiin. A siniiiiir 
power of linking together is shown by the carbon atoms in other 
carbon compounds. It will he noted, front the exaniptes givim* tlitit tlie 
linkage of two carbon atoi.ns together may be by cinii or by two of tliidr 
combining affinities. 

The presence of one pair of doubly linked carbon aloiiis ih ifit» 
characteristic of the olefine series. In another, the acclylerie 
trebly lin,ked ciirlwn atoms occur, ca/., .HOsCH, acetylmie itsidf. ft 
is to this -power of the carbon atoms of linking themselves Irigetber tliat 
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the poBsibility of thi? oi Biidi ;m iiii.. liiiiiilii'i i/ t lIjihi 

compoundH is due. No other .•liuiuMit 4ums lie- iir i..m‘ , ;i 

bo silicon, a tow conipounds of which ol l!ie uitnv Up.- ii-. n pi,- 

inired. , , 

In consociuenci! of this unique iirojMily <*» cit)!i<tn i! j 
customary to place the stuily of carlwii eumpounrl- lo a • • jajiii.. .jni 
sion of chemistry. 'I’o this tiraiich of kiiowledjije iIh-D aio. ni 

has been tfh'*'*'''** ‘’fuiijMiaiiv* h iMsm! 

f'rowth it has alreaiiy attaiiusl vast diiiieiisions. 

Avery large iiui'iiber of the eoiiijHtiiiuis j>res.-iii in ile InKiicn ot 
plants and animals is made up of coiiipminds of tb.^ (mo .•!«■ 
ments just described. Aiiioiip' these eunipotmds the followni}.' nre 
important: 

1. Garhnhydndrx, c,,}.. starch and < Jli.t f . mape siis 4 ar, 

(!,,II 1 .,0, 1 . «ane sugar, 

2. " Onjamc. (U-.uIh, v.y.. acetic acid, Clf j.f'tHHi. ovalic !icni. ( 

,‘3. /'to, essentially salts of {tlycervi, (AU combim-d wtsh a fatty 
acid, <).(/., stearic ac'id, oh-ic acid, These 

glyceryl salts, or glyceritles as llwy are sometiiiies calhs!, are }«jssesseil 
of a constitution similar to the followiiijj. wliicli lejin-seuis jjiyceryl 
stearate (glyceride of stearic acid, or “ sleaniie ")■ 

H i» 

u i,.»o i‘ I- .ti. 

1 •> 




H„-i; .11 C (• .H , 

i <> 

n J; O f r' ,H« 


4. H/ijdmcarlmm, (Utj,, 

5. Albumimddi^ oontiyriitig all fmtr ni iw iii fjw-siliriii, 

sociated with Bmall cfuatititii*^ of willihiir and Tip* riiii* 

Btitution of theso md>itaric*f^ in not wntl ktiowiir Ttr^y niwi4j« 
about 16 per cent of idtrogori* 

C5. /Iwfdei.ir-Theae mlm t%m ooiiijxwruli of carfioii, 
oxygen audiiitrogeii, bill thi*ir atriioliirt la ititicli leii*« lliiifi 

that of the ftlbuminoicl». A large mittih^r liavi* |ir«*jiari^l. tlr^ 
chamoteristie feature being that th«* grcjii}! KiL^ iifiileil 

with an oxygen-cotitaining eowiioiiiiil of earlioti. 

Amides may be regardt^l m orgaiiic midn in %i'liieh llit OH gr©ii|j« ‘ 
have beon replaced by NH.** Thus aciitaiiiifl*% f L, k l^#♦f 

from acetic acid, CgligO.O.fl— 

II- ^ II 

Owtl-O—H 

Ae^tkmmA - 
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7. Amimj-compatindH, containing one or more NIL grou|m rivpliup 
ing hydrogen but not OIL 

Glycint*. or glycocoll Ih amino-acetic acid and ban tin* coimtitie. 
tion— 

\ ■ 0 ..-4 0 - 0 —^ 

TheBc compoundB will he diHCUBBod at greater length lua’ealter. 

Sulphur.--The occurrence and propei'tieH ol’ thin elemcmt art? well 
known and need not be dincuBsed here. In thti nutrition of plantH 
and animaln it playn a Binall part, but ntill it in esHontial. 

It occurn in fiinall quantity in albuminoidH and, in certain |ilaritH, 
in the form of sulphiueB and HulphocyanidoH of orgatiic biu>M3B. In 
animals, it is particularly abundant in the hair or wool. 

Plants probably obtain the Hulphur they recpnre from the HidphaioH 
present in the soil, and in most cases from calcium sidphati^ it is to 
Ixi noted that soluble metallic sulphides are violent jdant poisons, as 
are many other unoxidised sulphur compounds HulphocyanidoH, 
sometimes pres^int in commercial sulphatci of amiuonia), Yc^t it is 
found that certain plants actually secrete sulphkles and HtdphocyariideH 
of organic bases and owe their characteristic otlour or flavour to the 
presence of these compounds. Buch is the case with mustard, garlic 
and many other plants. 

Phosphorus.—The properties of this elemetit are very remarkable 
aral are well known to all students of chemistry. In agrioulturci its 
compounds, the various salts of phosphoric acitl, are of thii uliiiost 
iinpoitanee. 

Phosphoms is extremely widely distributed, though geiieriilly in 
small quantities. It is present in almost every mineral and rock, 
though the avemge amount present in the soils and rocks of the imrth^s 
crust probably does not exceed one or two jmrts in 10,CK)0. From the 
soil, ptantH obtain th:dr phosphates; these in turn pass into the iKsMes 
of animalH, wherij thiij often accumulate in large quantities, so that 
the ^bones or nh jIIs of animals always contain relatively large atiwuriii 
of pb^tphale of lime. 

flomc minerals, too, consist mainly of phosphates, c.g,, aptUUa 
cmisisti of 30a*|FgO,^,CaClg or 3 Ca^I\ 04 ,CaF,j; Dkmrnik m i,«iiiftitiatly 
More abundant arc deposits of impure phospItaPi 
of lime in Ihe various forms of pkmpfmntfi, (mtmdik^ e(prtditm^ ric. 
ThiSi are often used as fc^rtiliscrs, 

PotassiiJiii occurs in many silicates: some contaiii ii riflativiily 
small quantity, why© in others, c,r/., arthmiim or fndmh /dnpm\ 
Alj0|.K.j0.6Bi02. the pro|jortiori of tins efement t« cotisiderablm It 
also occurs largely in »im-wat#r, from which simwiicik nfUm iicnitiiiii- 
late large qiiantities^of ooinpounck. Anoihifr very inifairt' 

ant fouree of potfissiiirii i« the huge mhne de{)osit at Btiissfiirt; tliin w 
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supposed to be the remilt of th«* ev^pi>iiiiiiiii m| 4 hiiii- 
-consists mainly of nulphates aii<l ehlorale*^ td | 

sodium and calcium. Thin 4le|JO^il liii^ hern i-\t* 1; 4 

some years, largely for^ nuppUe^^ *4 |iniuH|i H-.iir. !i,i ;i^'nriihiii;y 
purposes. The element itHelf is ut liitir-;i] 
standpoint, as its great aOinity for o^ivuen nun Mile 1 *4. 
elements renders its preparation and prr-H-i-\ 141 ^ 4 * 4ilf:rty! lu. i-Miy. 
pounds, however, ar<* of the tiimosi imimrianer, 4 | uLi h jy. 

^7 intiiiuitely connecteti with the *4 plio i ;ii44 h 

always most abundant in the growing jwirlicney th*' t^r 

twigs. The maintenance of a HUpfily of its riiin| s<. # 

a plant's welfare, hi the plant if is cmuhimd wdh 
nitric, sulphuric, hycirochloriin and vei)' often with e.ig4iei’ 4reh 
oxalic, malic, citric, or tartaric, in the of |4 ;i!j!v jt 3 % iiMiinHy 

found as carlionaU.;, this heing imninl hy th*- 4^ »4ji3ii|yf: ni ij^, 
organic potassium Halts fiy heiit. Tle^ ivslir-s yf i|y 4y4 |# nvi’‘^ 

of trees, indeed, formerly fnrniHhf*«l iilino-4 tli*' «4 ihr |.^ i;m|| 

used in the arts. The «^iirlier cheiiii*%N h\ 

calling it the “ vegetable alkali/* in lu il^ ' iniyniij 

'alkali," by which they sodii, ittel ili*' ''%:'ol.4!j|» so'Li]/' ur 

ammonia. 

Potash compouncls are remarkable iii iircii.^'in \U 44 i 1 tijt-y 
possess of being retained byelay, and r%|if'Ciall% hy ib' 44 rj.iy 

and organic matter found in nearly nil |y tp^v 

potash differs greatly from mala, for wIiohi- iT<ffii|.«iiin4i% ^^,.4 ** 

little or no retentive power. Thia reicfition «4 | ot-;*«h bj 
explains the fact that in sim-iviiler iliere w iiiorh mn*- ui 
compounds than of |>otassitim orie% iifiiwitti*#iriiitlii g tb* l;«i ibnt tfii' 
primary rocks of the earth's crm%l coiiiiiiii aiioe! *4|y;ii iniaysgy!^ * 4 ' 
these substances. Danudation oiiitscs oil' io ilif %-t 4 hi^r ^peiniuji % 
soluble sodium o€)rn|>ounds, hm eoiii}iaraii%'i4y litib-. p.4a^%iii!ii 
owing to the retention of the latter l#y the eia>, %itr4ti'ii4i#'yii*t|% fyi'ined 
,by the decay of the fekpar, rnica, rlr* 

Sodiuiii occurs in many ^ilicali^s, io{ilaeiiig j *4«4ii|i it 1 % 
Iremely widely diffused throughoui rialwre, sod, »n lli*’ loiin i#l 
salt, plays an imporfeant imrt in animal miiriimti li i» by 

many authorities to be a merely aiioid«*riial of plmi*. aii«1 

in most instants it is found lhal the emdii^ion of mdmrn itmn 4 
plant's food produce no III ; on llie i^itn r iwnd, tmuy marjii« 
plants and plants growing l-hii mrnm. mrnmm lurgr 
of sodium compounds and a tin# tii|ijily Ut ibnr 

welfare. Although sodium li cheiiii»lly ¥r#y like |iot4%^iiiiii, 
compounds who» propentei %m vtiy ^sniilmr to tliwfeif of ihiii elrttieiii, 
its compounds are not t^ineil by iht* day or mgmnm tmiUn of a md, 
and if aj^lIM to the land, ioon find their way iiilo llie driini iiiil 
thence fey sirmms and mm% to Ibt wm* 

''’Oeitain salts 9m Uf^ in- agriouflnre^ muhnim inifiAi 

and: sodium bomte, but la m^l mm^ it la ili# m^4 wli«h 

is of mo^ mla#, and m»Iy that ti^- ^iii« ii^lf plav4 mny mpfpmn% 
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part, unless it be in rendering more available the potash or other 
valuable constituents of the soil. 

Calcium is an extremely abundant element, always occurring in 
combination. The carbonate, constituting the main ingredient in 
limestone, chalk and marble, and the sulphate, which is found as 
gypsum or selenite, CaSo 4 . 2 H 20 , and also as anhydrite, CaS 04 , are 
very abundant. Calcium is also found in union with phosphoric acid 
in the various deposits of apiatite, 3[Ca3P20g]CaCl2(or Cah^). Calcium 
carbonate, which is extremely abundant, dissolves in water containing 
carbonic acid and is therefore found in all natural waters, from which 
it is extracted by shell-fish, of whose hard parts it forms the chief con¬ 
stituent. It is essential as a plant food, but its agricultural importance 
arises rather from its effect in altering the texture of soils and in 
modifying the chemical changes attending the fermentation and decay 
of their organic matter. For example, calcium carbonate, lime and 
other calcium compounds have a remarkable action upon clay, render¬ 
ing it much less tenacious and plastic. The presence of calcium 
carbonate or some other substance capable of acting as a weak base, 
is essential to the important process of nitrification. Into plants 
calcium is probably absorbed in the form of nitrate, phosphate, sulphate 
or carbonate, and is found in all parts of the organism. In animals 
the calcium compounds are usually concentrated largely in the hard 
parts, the bones or shells. 

Owing to its abundance, calcium is rarely used as a manure in the 
strict sense of the word, i.e., as a plant food, but it is largely employed 
in agriculture either as free lime for the sake of the improvements it 
produces in the texture of the soil or, in combination with other in¬ 
gredients of manurial value, e.g,^ phosphoric acid, as basic slag, super¬ 
phosphates, etc. 

Magnesium also occurs only in a state of combination, often 
•associated with calcium. Limestone and other forms of carbonate of 
lime invariably contain some carbonate of magnesium, which in some, 
.e.g., magnesian limestone, is present in considerable proportion. 

Magnesium is also found in many silicates, e.g., meerschaum, 
steatite, talc and serpentine. It is also present in sea-water and in 
many mineral springs, to which it imparts a bitter taste. 

Large quantities of magnesium compounds are found associated 
with potassium compounds in the Stassfurt deposits. 

Magnesium is always present in plants, but as a rule there is far 
more present in a soil than is necessary for the crops’ requirements. 
•Consequently it is not of much importance as a fertiliser. 

Iron is very abundant in nature, generally in a state of combina¬ 
tion. Native metallic iron is occasionally found, but in insignificant 
amount. As oxides (Fe^Og and Fe 304 ) and carbonate (FeCO^) im¬ 
mense quantities occur in the minerals known respectively as hamatite, 
magnetite and spathic iron ore. These compounds form the most 
-valuable ores of iron. In combination with other substances iron is 
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also abundant. It is the main cause of the red or yellow colour of 
soils. Two series of compounds are known, ferrous salts, in which, 
iron is divalent, and ferric compounds, in which it is trivalent; only 
the latter are suited to the requirements of plants. 

Iron is essential as a plant food, but a very small quantity suffices. 
It is rarely advisable, therefore, to use iron compounds as manures. 

Silicon always occurs in combination, either with oxygen as 
silica, SiO^, which is found as quartz, flint, sand, etc., or with oxygen 
and metals as the very numerous and abundant silicates, e.g., feUpar^ 
mica. 

Sand, which consists of little fragments of quartz, is very per- 
nanent and is little affected by water or carbon dioxide. 

Sand forms the largest portion of most soils and, if pure quartz, is 
devoid of plant food. It greatly affects the porosity and general texture 
of the soil. The silica which many plants contain is not believed to 
be essential to their growth; it probably is taken in by the roots of the 
plant in the form of soluble silicates or of soluble silica formed, not 
from the sand itself,, but by the decomposition of silicates. 

Silica, while not necessarily an essential constituent of plant food, 
has been shown by Hall and Morrison to have an important influence 
upon plant nutrition when applied as sodium silicate. In its presence, 
barley is apparently able to obtain from a soil a lairger proportion of 
phosphoric acid and thus to give an increased yield. 

Aluminium is never found in the free state in nature. It is ex¬ 
tremely abundant and is one of the most important constituents of 
most mineral silicates. In the form of felspar and mica, it enters 
largely into the composition of many igneous rocks. By the action of 
water and carbon dioxide upon felspar (K2O . AlgOg. ASiOg) the potash 
is to a great extent removed and a residue of kaolin or china clay, 
Al.,03.2Si02. SH^O, is eventually obtained. Ordinary clay consists of 
a mixture of kaolin with some incompletely decomposed felspar and 
therefore is rich in potash. Clay constitutes an important ingredient 
of soils, to which it imparts valuable properties, especially as regards 
retentive powers for water and other substances. 

Aluminium is apparently not a plant food, though the ashes of 
some few plants contaip: it in small quantities. This is. notably the 
case with certain fungi, ^yoopoddmn. in particular. 

Very small dressings of aluminium salts or of alumina or kaolin 
are also said to have a beneficial effect upon wheat, barley and flax,, 
according to experiments in Belgium and Japan. 

Chloiine is an element possessed of remarkable and well-known 
properties. It rarely occurs in the free state in nature, but in the form 
of metallic chlorides is very abundant. This is particularly true of 
sodium chloride, NaCl, which is found in sea and most spring water 
and as rock-salt. Chlorine is an essential constituent of plants, and 
in some crops, e.g., mangolds, it occurs in large quantity. 

It is also absolutely necessary as a constituent of the food of 
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animals and is often required in larger quantities than the ordinary- 
diet of the animal can supply. 

Fluorine occurs mainly as calcium fluoride, CaF^j the mineral 
known fi^Lor-s])ar, It is also present in almost all naturally oc¬ 
curring forms of calcium phosphate, and doubtless, in quantities too 
small*to be readily detected, in many other minerals. The element 
itself is difficult to prepare owing to its great chemical activity. 

It is found in combination in the bones, blood and urine of animals. 
Bone-ash contains about 4 per cent of calcium fluoride, while many 
mineral phosphates contain as much as 7 or 8 per cent. According to 
Lorenz, the evolution of hydrofluoric acid by a phosphate on treat¬ 
ment with sulphuric acid may be taken as a proof that a mineral 
phosphate is present. This test is not entirely satisfactory, since 
many mineral phosphates do not give it, indeed they- are known 
to contain practically no fluoride, but chloride. Thus, there are two 
varieties of apatite corresponding to the formulae SCa^PgOg.CaFg and 
3 Ca^P 203 .CaCl 2 , and many specimens have a composition intermediate 
between those expressed by the above formulae. Of course the chloride 
variety is preferable for the manufacture of superphosphate. 

Applications of calcium fluoride to the soil have been found, by a 
Japanese investigator,^ to have a beneficial effect upon some crops. 

Elements of Minor Importance. 

Boron always occurs in combination as boric acid (HBO 2 or 
HyB 03 ) borates. It is not a very abundant element except in a few 
localities, e.g,, in Tuscanyr and in California, but of recent years its 
presence in a number of plants and products from plants, particularly 
in wines and the leaves, stalks, etc>, of the vine, has been detected by 
various observers, leading to the conclusion that boric acid must be 
present in many soils, which probably derive it from igneous rocks. 

There is no evidence that it is essential to plant'life. Boric acid or 
boracic acid is possessed of considerable anti-putrefactive properties 
and is often used for preserving milk and other food products. 

Iodine. —This element is comparatively rare in nature, being found 
in extremely small quantities in sea-water and in certain mineral 
waters. It also occurs in caliche —the crude nitrate of soda of Peru 
and Chili—in the form of sodium iodate, NalOy. In the organic king¬ 
dom it occurs in the thyroid gland of man and many animals and in 
certain seaweeds, especially in Laminaria digitata and L. steno 2 )hylla, 
where it amounts to nearly 0*5 per cent of the plant. Its presence in 
terrestrial plants is rarely observed, but Uchiyama found that from 
the application of small quantities of potassium iodide—124 grammes 
per hectare—an increased yield of certain crops w^as obtained. This 
may have some bearing on the use of seaweed as a manure. 

Mang'anese resembles iron in most of its properties. It is always 
found in union with other elements, often with oxygen, e.g., as 

I Bull. Coll. Agr., Tokyo, 1906, 7, 85. 

Bull. Imp. Oentr. Agric. Exp. Stat., Japan, 1906, 1, 35. 
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pijrokisite, MnOo, psilomelane, Ba0.2Mn02. It is apparently not 
essential as a plant food, but is often found in the ashes of plants, 
notably in those of tea and of Paraguay tea or Mate. 

Investigations carried out at Woburn ^ and at Tokyo, in Japan, 
show that manganese compounds applied in small quantity to soil 
produce a distinctly stimulating effect upon many plants, especially 
leguminous ones. Increases of 50 per cent in the straw and 25 per 
cent in the grain were produced with peas by the addition of *015 per 
cent of manganous sulphate to the soil. 

Confirmation of this effect has been furnished by Bertrand with 
oats, and by Sutherst, in Natal (private communication), with maize, 
while Nagaoko records an increase of 15 per cent in a crop of rice 
w'hen using manganese sulphate at the rate of 100 kilos per 
hectare. An increased quantity of manganese was found in the ash of 
plants grown in soil to which manganese salts had been added. 

The author is of opinion that the action of the manganese is to be 
regarded rather as medicinal than as a food, and that it acts as a 
tonic ’* much in the same way as ferrous sulphate is usually believed 
to do. It is thought that it plays some part in aiding the action of 
the oxydases in the leaf. 

It would seem that from 50 to 100 kilos per hectare (= 44'6 to 
89*2 lb. per acre) is the maximum dressing to be used and that larger 
quantities act injuriously upon the crop. Salomons ^ states that 
manganic compounds are more toxic than manganous salts. 

Titanium, which resembles silicon in its chemical functions, is 
not nearly so abundant. Its presence in the plant is usually over¬ 
looked, though, according to Wait,^ it is almost invariably present in 
plant ash. 

Zinc has been found in the ashes of plants growing in localities 
where zinc ores— blende, ZnS, or calamine, ZnCOg—occur. ^ A plant, 
Viola calaminaria, grows in certain parts of Germany and its 
presence is regarded as indicative of the presence of zinc deposits in 
the neighbourhood where it is found (Liebig). Another plant, penny- 
cress {Thlaspi alpestra, var. calaminaria) has been found to contain 
as much as 13 per cent of zinc oxide in the ash of its leaves. The 
element, however, rarely occurs in animal or plant tissues, though its 
presence in certain food stuffs, e.g., dried fruits—through contamina¬ 
tion from zinc utensils—is not uncommon. 

Lithium has been found in the ashes of many plants, notably in 
those of tobacco leaves; it does not appear to have any important 
functions, but rather to be an accidental constituent. 

1 Jour. Boy. Agric. Soc., 1903, 64, 348; 1904, 65, 306; 1905, 66, 206. 

2 Comptes Rendus, 1905, 141, 1255. ^ Ghem. Zentr., 1906, ii. 532. 

^ Jour. Soc, Ohem. Ind., 1889, 367. 

®Fricke, Chem. Zentr., 1900, ii. 769; also Labard, Zeit.'Nabr. Genussm.. 
1901, 4, 489. 
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Copper appears to be an essential constituent of certain gaily 
coloured feathers of tropical birds and has been occasionally found in 
plants. Its presence in a soil, however, in anything more- than very 
minute traces, is injurious to plant growth. 

Barium.—According to Failyer,^ most of the soils of the United 
States contain this element. Analyses of about 100 soils from Colorado 
and Kansas showed them to contain from 0*01 to OUl per cent of 
barium. The element could also be detected in various plants grown 
on these soils. Soluble barium salts (and the carbonate) are violent 
poisons, both to plants and animals. 

Arsenic.—According to Headden,^ this element is present in the 
virgin soils of Colorado, to the extent of from 2*5 to 5*0 parts per 
million, while the subsoils are generally richer, the amount of arsenic 
reaching from 4 to 15 parts per million. 

Relative Abundance of the Elements.—F. W. Clarke,^ of the 
U.S.A. Geological Survey, has estimated very carefully the relative 
proportions of the more common elements constituting the earth’s 
crust to a depth of ten miles from the surface. He estimates that of 
this— 

93 per cent is composed of solid rock, etc. 

7 ,, ,, ,, „ ,, water and air 

—the latter only amounting to about *03 per cent. 

The following table gives the relative abundance by weight of the 
elements named :— 


1 Solid C!rnst 

93 per cent. 

Ocean 

7 per cent. 

1 

Mean 

iiiclinling Air. 

1. Oxygen | 

47*29 

85-79 

49*98 

2. Silicon 

27*21 

— 

25*30 

3. Aluminium | 

7*81 

— 

7*26 

4. Iron 

5*4>3 

— 

5*08 

5. Calcium 

3*77 

0*05 

3*51 

6. Magnesium > 

2*68 

0*14 

2-50 

; 7. Sodium 

2*36 

1*14 

2*28 1 

8. Potassium 

2-40 

0*04 

2*23 

9. Hydrogen 

0*21 

10*67 I 

0*94 ! 

! 10. Titanium 

0*33 

— 

0*30 

11, Carbon 

0*22 

0*002 ’ 

0*21 

; 12. Chlorine 

0*01 

2*07 

015 

1 i3. Phosphorus 

0*10 

— 

0*09 

14. Manganese , 

0*08 

— 

007 

15. Sulphur 

0*03 

0*09 

0-04 

16. Barium 

0*03 

— 

0*03 

17. Nitrogen 

— 

— 

0-02 

18. Fluorine 

0*02 

— 

0*02 1 

19. Chromium i 

0*01 

— 

0*01 


^ Bull. 72, 1910, U.S. Dept, of Agric., Bureau Soils. 

‘^Proc. Colorado Sci. Soc., 1910, 9,345; Jour. Ghem. Soc., 1910, Abstracts, 
ii. 890. 

•** Bull. Philos. Soc., WashingtoD, xi. 227. 
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These numbers, it must be remembered, are merely estimated, and 
can only claim to be approximations. They have been deduced from 
many anal^’ses of rocks, but our acquaintance with the distribution 
and relative abundance of these rocks must obviously be incomplete. 

The above table, however, giving as it does the proportions by 
weight of the elements, does not really rei^resent their relative abund¬ 
ance reckoned in atoms. This latter certainly appears to the author 
to be the more correct way of grading their importance. In order to 
find the relative number of atoms it is only necessary to divide the 
numbers in the above table by the respective atomic weights. In this 
way the following table has been calculated, giving the number of 
atoms of each element present in a total of 100,000 atoms. 

Table showing the relative mimbers of atoms of the elements pre¬ 
sent in the earth’s crust to a depth of 10 miles, including the ocean 
and the atmosphere:— 


1. Oxygen 

2. Hydrogen . 

3 . Silicon 

4. Aluminium 

5. Magnesium 

6. Sodium 

7. Iron . 

6. Calcium . 

9. Potassium 

10. Carbon 

11. Titanium . 

12. Cnlorine . 

13. Phospboru.s 

14. Manganese 

15. Nitrogen . 

16. Sulphur . 

17. Fluorine . 

18. Barium 

19. Chromium 


54,634 

16,455 

15,818 

4,707 

1,822 

1,735 

1,588 

1,537 

1,001 

324 

110 

68 

51 

26 

25 

23 

17 

4 

4 


100,000 

The great changes in the order of hydrogen (from 9th to 2nd 
place), iron (4th to 7th), and calcium (5th to 8th) will be noted. The 
low position of nitrogen, which is usually regarded as so abundant, in 
both tables is also worthy of attention. It is hardly necessary to say 
that the other elements are very much less abundant and have been 
ignored in the compiling of the above tables. 











CHAPTER JI. 


The Atmospheee. 

Almost all the vital phenomem important from an agricultural aspect 
occur ill contact with, and largely by the action of, the air around. 
Moreover, air plays an important part in the formation of soils and 
profoundly affects the temperature and climate of the earth. It is 
therefore obvious that a knowledge of the composition and properties 
of the atmosphere is absolutely essential in order that the chemistry of 
the processes involved in the life of animals and plants nia}'be clearly 
understood. 

The reader will already possess some acquaintance with the 
chemical nature of atmospheric air and with the properties of its chief 
constituents. 

In this chapter, therefore, is given only a short summary of what is 
known of the extent, variations in composition, and functions of the 
constituents of air. 

With reference to the extent, it is found that air exerts an average 
pressure of about 14’75 lb. per sq. in. (1033 grammes per sq. cm.) at 
the sea-level. This pressure is due to the earth’s attraction for the air 
above and is, of course, a direct measure of the weight of the atmosphere. 
There rests, therefore, on every square foot of surface 14’75 x 144 lb. 
of air; or upon an acre the total weight of air would be 41,300 tons. 
Allowing for the sp^ace occupied by land above the sea-level, Herschel 
has calculated that the mass of the atmosphere is about x ..‘" 0 T) O (T 
of the earth. 

Although it is poossible, as shown above, to estimate fairly accur¬ 
ately the weight of the atmosphere, there is very little information 
available from which the height to which the atmosphere extends can 
be calculated. 

It can easily be shown that if the atmosp)her 0 were homogeneous 
its height would be between 5 and 6 miles; but, as is well known, the 
density rapidly diminishes with the height abov^e the sea-level. At 
a height of 5520 metres (ie., about 18,110 ft.) the pressure is half what 
it is at the sea-level, w^hileat 11,040 metres (or 36,220 ft.) it is reduced to 
one-fourth of the sea-level pressure, and so on. In the case of srriall 
elevations it may be said that, roughly', an ascent of 900 ft. lowers the 
barometric pressure by an inch. If P and j) be the corrected heights, 
in inches, of the barometers at two stations and T and t be the respec¬ 
tive atmospheric temperatures in ° C., then the difference in level of 
the two stations in feet—H, is given by the formula— 
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H = 60360 (log P—log p) (l + 

From observations on luminous meteorites and refraction of sun¬ 
light it has been estimated that, at a height of 200 miles, air has a very 
small but appreciable density. It is also impossible to conceive of an 
actual, defined limit to a gaseous atmosphere. 

The pressure of the atmosphere varies, as is well known, frona day 
to day, and upon the variations of pressure the direction and force of 
the wind depend. 

From a consideration of the mean pressures of many different parts 
of the world it has been discovered that there are two broad belts 
of high pressure, one north and the other south, running roughly 
parallel to the equator. Near the equator itself, and also near the 
poles, are regions of low mean pressure. 

Another fact in connection with atmospheric pressure has been 
clearly noticed, most distinctly in tropical districts—a diurnal variation, 
there being two maxima, often about 9 a.m. and 9 p.m., and two mini¬ 
ma, about 3 a.m. and 3 p.m. So regular is this variation in some hot 
countries that, according to Humboldt, it is almost possible to tell 
the time of day by reading the barometer. 

The consideration of the relative heights of the barometer obtaining 
at different places at a given time affords one of the most important 
criteria in forecasting weather. Though this subject to the farmer is 
obviously of the greatest importance, and though considerable progress 
has recently been made in connection with it, this is not the place in 
%vhich it can suitably be discussed. The reader should consult a 
modern treatise on meteorology. 

Dry air is almost diathermanous, ix., transparent to heat rays. 
Consequently it allows the sun’s heat to pass through with but little 
OSS, becoming itself only very slightly warmed. It also allows a con¬ 
siderable, though probably much less, percentage of the heat radiated 
from the earth to pass through it. If, however, any appreciable amount 
of aqueous vapour or suspended solid matter be present, both forms of 
radiant heat are to a large extent absorbed. The presence of clouds 
confei’s a still greater retentive power for heat. This effect of aqueous 
vapour or of clouds is often very apparent at night; it is a matter of 
common experience that clear starlight or moonlight nights, even in 
summer, are often cold, because of the free radiation of heat from the 
earth into space, while cloudy nights are generally much warmer. 
Water in the air, too, has an important effect in conveying heat from 
one place to another. Whenever water becomes gaseous, heat is ab¬ 
sorbed, and when the vapour condenses again (often in the upper 
regions of the air) heat is evolved. When air, from any cause, ascends, 
it cools itself by its own expansion, the rate being about 1° C. for each 
rise of 340 ft. Consequently, if nearly saturated with aqueous vapour, 
some is deposited as cloud or mist when the air ascends. 

Air itself is thus little affected by the direct heat of the sun, being 
heated either by contact with the hot surface of the ground, by the aid 
of its own aqueous vapour, or by its own contraction. 
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The specific heat of air is about 0*24, that of water being unity, i.e., 
to raise the temperature of a given weight of air through a given inter¬ 
val of temperature requires only about one-fourth as much heat as 
would raise the temperature of the same weight (or about of the 
volume) of water through the same interval of temperature. It is thus 
evident that by cooling a given volume of warm water through one degree 
(or any fixed interval of temperature) enough heat is extracted to raise 
the temperature of about 3200 volumes of air by the same amount. 

Hence the potency of currents of warm water, e.y., the Gulf 
Stream, in affecting climate and the slowmess with which water is 
cooled and converted into ice by cold winds, etc. 

The mean temperature of the lower layers of the atmos];here varies . 
greatly, one important factor being the latitude, which mainly deter¬ 
mines the amount of heat received from the sun. The temperature 
is also found to vary greatly along the same pai’allel of latitude, with 
the nature of the soil and particularly with the proximity or otherwise 
of large areas of water, places near the sea-coast always enjoying a 
more uniform climate than those far inland. Then, too, the height, 
above the sea-level greatly afiects the temperature of a place, there 
being on the average a fall of 1° C. for about every 350 above the 
sea-level, but the rate is very variable. 

The most important discovery in recent meteorological research is 
that at a height of about 9 miles, the temperature of the atmosphere 
remains practically constant at about - 56'^ G. The air above this height, 
is probably almost motionless and takes no part in the circulation 
which is so constantly in play in the low^er layers. Above this 
isothermal layer, the composition of the atmosphere probably changes 
rapidly with increasing elevation, the carbon dioxide, water vapour, 
argon, oxygen and nitrogen in turn diminishing until, in the highest 
regions, probably little but hydrogen remains. 

Composition op the Atmosphere. 

Air is a mechanical mixture of various gases and vapours, but it 
invariably contains suspended solid matter, some of which consists of 
micro-organisms. 

The main gaseous constituents are — oxygen, niti'ogen, argon, 
carbon dioxide, water vapour, ammonia, oxides of nitrogen or nitric 
acid vapour, and ozone. All these are subject to variation, but to 
very different extents. 

»• 

Nitrogen, the largest constituent, is the least variable in amount. 

It usually constitutes about 78 per cent by volume or 75’5 per cent by 
weight of dry air. Its function in the atmosphere has usually been 
regarded as mainly that of a diluent. Apparently very few reactions, 
in which nitrogen takes part, occur in the atmosphere. Eecently, 
however, many obscure changes in which the free nitrogen of the air 
enters into combination-with oxygen and hydrogen have been observed, 
some of which are of the greatest importance in agriculture. These 
changes occur bv the agency of micro-organisms in the soil or plant. 
(^zdcChap. IV).^ ^ ^ . 
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Very high temperatures, such as obtain in the blast furnace, will 
•cause nitrogen to combine with carbon in the presence of alkalies, with 
the production of cyanides. Nitrogen may be made to combine with 
•oxygen under the influence of the high temperature of the electric 
spark,^ and such combination is doubtless brought about in the at¬ 
mosphere by lightning discharges, with the production of oxides of 
nitrogen and eventually of nitric acid. Similar combination between 
nitrogen and oxygen has been observed to occur during the combus¬ 
tion, in air, of certain substances which, in their burning, produce a 
high temperature. Direct union of nitrogen with hydrogen to form 
ammonia can be effected, but only underispecial conditions, somewhat 
•difficult to realise {vide Chap. VII). 

The amount of free nitrogen removed from the atmosphere by 
these various agencies is relatively small and probably quite equalled 
by that yielded by processes of decay and putrefaction. 

It is found that organic nitrogenous bodies during decomposition 
yield their nitrogen, partly as ammonia and, under certain circum¬ 
stances, partly as free nitrogen. So, too, by combustion, organic sub¬ 
stances evolve practically the whole of their nitrogen in the free state. 


Oxygen, the most important constituent, since it takes part in so 
many of the reactions occurring in the atmosphere, is liable to con¬ 
siderable local variations. Its amount, on the average, is nearly 21 
per cent by volume or 23*2 per cent by w^eight of dry air. As pro¬ 
cesses of oxidation are taking place continually it might be expected 
that the proportion of oxygen in air would show^ great variations from 
place to place. In consequence, however, of diffusion, air currents, 
and the compensating influences of vegetation, the variations which 
have been observed, though well marked, are not great. 

The extremes noticed by various observers are— 


Bunsen . 


20*84 

20*97 

Regnault 


20*90 

21*00 

Angus Smith . 


20*89 

21*00 

Leeds 

. 

20-82 

21*03 

Jolly 

. 

20*53 

21*01 

is to be expected, the air of towns i 

S found to 

contain less 


oxygen than that of the country or over the sea. The lower numbers 
given in the above table were, in all cases, observed in the air of large 
cities. In marshy places, too, the amount of oxygen is generally 
lower than elsewhere. 

‘ In 1886 a series of daily analyses of air were made simultaneously 
at Dresden, Bonn (Germany), Cleveland (U.S.A.), Para (Brazil) and 
Tromsoe (Norway), from 1 April to 16 May. The mean values 
for the amount of oxygen were— 


Para 
Bonn . 
Cleveland 
Dresden 
Tromsoe 


20*92 per cent, by volume 
20*92 

20-93 „ 

20 - 93 ^ „ 

20*9d 


1 McDougaland Howies (Jour. Ohem. Soc., 1900, Abstracts, ii. 651) found that, 
by a large electric discharge in air, as much as 303 grammes of nitric acid per 
12 horse-power hours could be produced. 
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The maximum was 21*0 at Tromsoe and the minimum 20*86 at 
Para, The mean percentage of oxygen of the whole series was 20*93.^ 

Comparatively few experiments on the composition of air from 
great heights have been made, but the general result of what is knbv/n 
is in agreement with theory, which indicates that relatively less of the 
heavy constituent, oxygen, should be present in such air.*-^ In the 
Alps it has been observed that a descending current of air produces a 
lower proportion, while an ascending wind gives a higher proportion of 
oxygen.^ Differences of 0*18 per cent (by weight) were observed on 
two consecutive days at a height of 2060 metres. In Paris the same 
author gives 23*20 per cent as the mean proportion of oxygen by 
weight, while 23*1 per cent by weight is the amount he estimates as- 
the average in London air. 

Argon was discovered in 1894 by Lord Eayleigh and Sir W. 
Eamsay. The experiments which led to its discovery were the deter¬ 
minations of the densities of gases, in which it was noticed that 

1 Hempe], Ber., 20, 1864. 

2 According to Hinrichs (Compt. Rend., 1900, 131, 442), if each constituent of 
the air \vere independent of the others the composition of air at various heights- 
would be as given in the accompanying table. 


Altitude in kilometres. 

Carbon dioxide. 

Oxygen. 

Argon. ' 

Nitrogen. 

Hydrogen. 

0 ; 

*03 

21*00 

1*20 ' 

77*75 

0*02 

10 (= 6*214 miles) 

•02 

18*43 

0*75 , 

80*74 

0*06 

20 1 

•01 

16*07 

0*46 ! 

83*26 

0*20 

30 

*C0 

13*90 

0*28 ' 

85*18 

0-64 

40 i 

— 

11*86 

0*16 : 

85*94 

2*04 

59 1 

—^ 

9*83 

0*12 ! 

83*94 

6*11 

60 ! 


7*52 

0*00 

1 75*54 

16*94 

70 

— 

4*7 , 

- — 

1 56*2 

39*1 

80 

— 

2*2 

— 

31*0 

66*8 

90 

— 

0*7 

— 

12*9 

86*4 

100 (= 62-14 miles) 


0*3 

— 

4*6 

95*1 


From the above table it is seen that the carbon dioxide becomes inappreciably 
small at a height of 30 kilometres (about 18*6 miles), that the proportion of 
nitrogen attains a maximum at about 40 kilometres (about 25 miles), that at a. 
height of about 60 kilometres (37 miles) the oxygen and hydrogen are in the pro¬ 
portion in which they combine with explosion to form water. Explosion in this 
highly rarefied atmosphere would be impossible, especially in the presence of sO' 
large a quantity of nitrogen. 

Hinrichs asks—might not the hydrogen found in meteoric iron be obtained 
during the passage of a meteorite through the outermost layers of our atmosphere, 
which, according to the table, consists of almost pure hydrogen ? It may be men¬ 
tioned that hydrogen is, according to Gautier (Compt. Rend., 1898, 127, 693), 
always to be detected in pure air, in proportion varying from 11 to 18 per 100,000, 
ie.y *01 to *018 per cent by volume. Moreover, he has shown that hydrogen is to- 
be found among the gases evolved by the action of water upon many rocks, e.g., 
granite, at a temperature of about 280° or 300° (Compt. Rend., 1900, 647). In a 
later paper, however, doubt is expressed as to the hydrogen being actually derived 
from the granite. 

Leduc, Compt. Rend., 1898, 413. 

2324 (S'iO'f-'.A ■ 
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th .3 residue left after the removal of oxygen and carbon dioxide from 
atmospheric air, was distinctly heavier than nitrogen prepared from 
•chemical compounds. This fact was eventually traced to the presence, 
in air, of a hitherto unknown substance, which was named m'gon by 
the discoverers. 

Argon is a gas possessed apparently of no chemical properties 
whatever; that is, it appears to be incapable of uniting wdth any other 
substance or even with itself, for, unlike most gases, its molecule 
•contains only one atom. Its density, when carefully purified, was 
found to be 19’94, which gives as its atomic (and molecular) weight 
the number 39*88. So far as is known, argon takes part in none of 
the chemical changes which occur in the atmosphere. 

Associated with argon, Eamsay has found several other gases of the 
same inert character and monatomic molecules, but differing in density 
and other physical properties. These have been named helium (identi¬ 
cal with the substance so named, which was, long ago, detected in the 
sun by spectroscopic analysis), density 2*0; neon, density, 10*0; 
krypton, density, 41*4; and xenon, density probably about 65. These 
elements, however, are present in such extremely small quantities and 
their chemical inertness is so great that they are probably of no import¬ 
ance from our present standpoint. 

The amount of argon present in the air is apparently very constant 
—about 0*94 per cent by volume or 1*3 per cent by weight. It consti¬ 
tutes about 1*19 per cent by volume of the residue left after the re¬ 
moval of oxygen. 

Carbon Dioxide. —This constituent, though present only in small 
proportion (usually less than *04 per cent by volume), is of great im¬ 
portance with reference to vegetable life. Its amount is subject to 
considerable variation, since it is a constant product, in large quantity, 
of the combustion and putrefaction of all organic bodies. 

In the free open country, air contains on the average about *033 
per cent of carbon dioxide.^ In large towns or in the neighbourhood of 
maiiufactories the quantity is usually larger. In London, Angus Smith 
found *044, in Glasgow *05, in Manchester *045. The amount is always 
greater during fogs (sometimes rising to 0*1 per cent) and snow. 

Air in the country shows a distinct diurnal variation, the amount 
of carbon dioxide being greater at night. Armstrong's - experiments 
made at Grasmere in summer-time gave *0296 per cent for the day 
and *0330 per cent for the night, and similar results have been obtained 
hy other observers. Muntz and Aubin give/0278 per cent as the 
universal average; they noticed *0273 as the mean in the day and 
-0288 in the night.^ H. T. Brown gives as a result of many determina¬ 
tions made in 1898-9,, *0285 as the mean and *027 and *030 as the 
usual limits of variations in summer.^ Over the sea or in places far 
from vegetation no such difference can be detected, and the average 

^ Eecent determinations have almost invariably given lower values for the mean 
amount in the atmosphere. 

^iPro. Eoy. Soc., 1880, 843. ’Bieder. Zentral., 1883, 469. 

Assn. Eeport, 1899, Presidential Address, Section B. 
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amount is lower, Schulze, as a mean of nearly three years’ daily de¬ 
terminations of carbon dioxide in the air at Eostock, found 0‘292 per 
cent, the maximum being *0344 per cent and the minimum *0225 per 
cent! 

Theoretically, assuming that the composition of the atmosphere is 
not modified by any disturbing influences, the amount of carbon di¬ 
oxide should diminish with the height above the sea-level. Experi¬ 
mental evidence on this point is conflicting. Truchot found distinctly 
less at heights of 1440 (*020 per cent) and 1880 metres (*0172 per 
cent) than nearer the sea-level (;0313), wEile recently (1899) Thierry 
found on Mont Blanc ’0262 -per cent at 1080 metres and *0269 per 
cent at 3050 metres. Muntz and Aubin found in 1882, as a mean 
of many analyses, *0286 volume on the Pic du Midi (2877 metres), 
practically the same as in the plains. The earlier observers, too, 
found more on the tops of mountains than at sea-level. It is 
obvious that vegetation must have a great local influence on the 
amount of carbon dioxide and may, in some cases, cause misleading 
indications. 

x\mong the many causes tending to increase the amount of carbon 
dioxide in the air, the following are the most important:— 

1. Emission from volcanoes, deep springs, and other subterranean 
sources; immense quantities are thus sent into the atmosphere. 

2. Oxidation of carbonaceous matter; this occurs in the processes 
of respiration of animals and plants, the decay and fermentation of 
animal and vegetalfie products, and the combustion of most fuels. 

3. The dissociation of carbonates by heat; this is seen in such 
processes as lime-burning. 

4. The decomposition of calcium bicarbonate by shell-fish, the cal¬ 
cium carbonate being retained in building up the shell, and the carbon 
dioxide evolved. 

The main cause tending to diminish its quantity is the decomposition 
effected by the green portions of plants under the influence of light. 
The rapidity with which this absorption of carbon dioxide occurs is 
astonishing {vide Chap. XI). Other causes which remove it are the 
weathering of rocks, e.g., the conversion of felspar into kaolin— 

Al.,0,K,0.6Si0o -f CO^ -h 10H.O = Al,03.2Si0..2H.,0 -{- K,GO., 

4- 4H,SiO, ^ 

—and the conversion of normal into acid carbonates. Indeed, to this 
last-mentioned action and its reverse, in the case of calcium carbonate 
in sea-water, Schloesing attributes the maintenance of the constancy 
of composition of the atmosphere above the ocean. If, from any cause, 
the quantity of carbon dioxide in the air above the ocean increases, an 
increased amount goes into solution as calcium bicarbonate, whereas, if 
the quantity in the air diminishes, a portion of the dissolved bicarbonate 
dissociates, thus liberating some of the gas. 

^ Versuch. Stat., 14, 366- ^ Compt. Rend., 129, 315. 

"-Ibid., 93, 797. 
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Ammonia is a small but important constituent. It exists, prob¬ 
ably, as carbonate, nitrite and nitrate in the air» Its amount i& 
very variable and is always greater in town than in country air. 

Truchot in 1874 found 0*93 to 2*79 milligrams of ammonia in 1 
cubic metre of air collected in x\iivergne at a height of 395 metres- 
above the sea, on the Ihiy de Dome (1446 metres) he found 3*18 milli¬ 
grams, and on the Pic du Saucy (1884 metres) 5*5 milligrams per 
cubic metre. Pie concludes that the amount of ammonia increases with 
the elevation and is greater in cloudy than in clear weather.^ These 
amounts are much greater than have been found by other observers,, 
and his conclusions as to distribution of the ammonia are not gener¬ 
ally accepted. Levy at Montsouris- found as a mean 1*68 and 2’06- 
milligrams per 100 cubic metres in summer. The maximum ohserved 
was 9 milligrams per 100 cubic metres, while on several occasions 
no ammonia was present. According to Heinrich ^ air contains the 
greatest amount of ammonia in June, the least in I'ebruary. He 
found three times as much in the summer months as in the winter,, 
while spring and autumn gave intermediate values. 

Ammonia, in common with nitric acid and suspended matter, is 
found in rain-water. 

According to Levy, rain (unlike air) in summer contains least and in 
winter most ammonia. This may be due to the solubility of ammonia 
being greater in cold than in warm water. At Montsouris ^ the follow¬ 
ing were the mean amounts of ammonia per litre, rainfall (in mnn), 
and quantity of nitrogen (ammoniacal) falling upon each square metre 
in each of the following years :— 


Mjunfall. 

Ainniouia. 

Nitrogen i^er sq. met. 

1B75-G 641*5 mm. 

1*98 mgm. 

1*074 gnn. 

1870-7 601*7 „ 

1*54 „ 

, 0*929 „ 

1B77-8 ; 600*1 

1*91 ,, 

1*149 „ 

1878-9 655*8 „ 

1*20 „ 

0*787 „ 


—This, being practically town rain, is richer in ammonia than rain 
falling in country places. As the average of 16 years’ obseiwations 
Levy gives 2*2 parts of ammonia per million = 1*82 parts of nitrogen 
per million in the rain at Montsouris. (See also analysis of rain¬ 
water, p. 33.) 

Bunsen observed that at the commencement of a shower the rain 
contained 3*7 milligrams of ammonia per litre, while at the end only 
0*64 milligrams were present. The author has also observed in the 
Transvaal, that the content of combined nitrogen in the rain is often 
roughly inversely proportioned to the amount of rainfall. 

Thus, in 1904 

I. 

^ Jour. Ghem. Soe., 1874, Abstracts, 

^IhkL, 1877,. 509; 1878, 2 IS, and 1880, 849. 

^ Ibid., 1898, Abstracts, ii. 8, 114. Compt. Rend., Jl, 94. 
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Week (iudiug. 

Kainfall miu. ; 

N. per milliou. 

! 

N. lb. per acre. ! 

Nov. 19 

97*79 

i 0*69 

0-600 1 

„ 5 

45*18 

1 0*89 

0*361 i 

Sept. 10 

10-00 

I 2*90 

0*259 : 

Oct. 22 

G*48 

7*70 

0*446 ; 

„ 29 

1-22 

17*62 

0*192 1 

Aug. 27 

1*06 

47*27 

i 

0*448 I 

I 


Nitric Acid, or some compound of nitrogen and oxygen, is also 
found in air, in which it probably exists in the form of nitrate or 
nitrite of ammonia, and, according to Mlintz and Aubin,^ these in the 
state of hnely-divided solid. The authors quoted state that thunder¬ 
storms (and the accompanying formation of nitrates) are confined 
to the lower portion of the atmosphere, below 3000'metres, and that 
above that height no nitrates are found in rain or snow. 

The amount of nitric acid in air is so small that it can only be de¬ 
tected, as a rule, by examination of rain-water, in which it becomes 
more concentrated. 

Eain-water, too, brings down ammonia and suspended matter, so 
that analyses of rain-water are valuable as indications of the com¬ 
position of the atmosphere. Many such analyses have been published. 
Thus Angus Smith,- in 1872, gave the following result of a large 
number of analyses :— 

ANALYSES OP RAIN-WATER. 


P.VHTS I'KR MIIJJON. 


Where eolleeted. 

Hydrochloric 

acid. 

1 

'S 

S" 

5 

u 

o 

o 

Cl 

11 

1 

Ammouia. 

Albummoid 

aiiimoiiia. 

'a 

cS 

Oxygen required 
as permanganate. 

Ireland, Valentia . 

Scotland, live coast country 

48*67 

2*73 

6 

None 

*18 

*03 

*37 

•05 

places, west 

,, eight coast country 

12*28 

3*61 

29 

*14 

•48 

•11 

•37 

*02 

places, east 
,, twelve inland 

12*91 

7*86 

59 

2*44 

•99 

•11 

•47 

*65 

country places . 
England, twelve inland 

3*38 

2*06 

61 

*31 

•53 

•04 

•31 

•26 

country places . 

3*99 

5*52 

138 

None 

1*07 

•11 

•75 

•47 

Scotland, six towns 

5*86 

16*50 

282 i 

3*16 

3*82 

*21 

1*16 

1-86 

Germany, Darmstadt . 

*97 

29*17 ( 2998 

1*74 

— 

— 

— 

_ 

England, London 

1-25 

20*49 

1645 

3*10 

3*45 

•21 

•84 

— 

,, six towns 

8-70 

34*27 

894 

8*40 

4*99 

*21 

*85 

2*74 

,, Manchester . 

Scotland, Glasgow 

5-8.3 

44*82 

708 

10-17 

5*96 

*25 

1*01 

3*22 

8-07 

70*19 

782 

15*13 

9*10 

•30 

2*44 

10*04 


“Jour. Chem. Soc., 1872, 33. 


Gompt. Rend., 95, 919.. 
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In these analyses it is to be noted that the chlorine is mainly due to 
the dried-ui 3 particles of sea-water cast into the air as spray. The amount 
is always greatest near the sea and smallest far inland; it is greatly 
influenced by the direction and force of the wind. Sulphuric acid is 
also partly attributable to the same cause, but if its ratio to the chlorine 
be more than 12 :100 (the ratio in sea-water) combustion of coal or 
the decay of animal or vegetable matter is probably to be assigned as 
one of its sources. 

Another extensive series of analyses of rain-water collected at 
Eothamsted was made by Frankland and published in 1881 and 
1882 ^ by Lawes, Gilbert and Warington. From sixty-nine samples 
collected in 1869-70 the following numbers were obtained. (Parts per 
million):— 


1 

i 

Nitrogen. 


A.S aninionia. 

As nitric 
acid. 

As org. 
matter. 

Total solids. 

Chlorine. 

Hard- 

ness. 

1 Mean 

0-37 

0*14 

0*19 

38'1 

8*1 

4*7 

1 Maximum 

1*28 

0-44 

. 0-66 

85-8 

15*5 

16*0 

i Minimum j 

0-04 

i 0-01 

0-03 

6-2 

0*13 

00 


In 1883-9 a series of monthly determinations of the amounts of 
ammonia and nitric acid in the rainfall at Eothamsted was made by 
Warington.- The results are given in the accompanying table :— 



i 

Per million of rain. 

Per acre 

in lb.). 







Inches. 

N. as 

N, as 

N. as 

N. as 

: 


ammonia. 

nitrates. 

ammonia. 

nitrates. 

1883. May ; 

1-2S 

•256 

•109 

-074 

•031 

1 J une 1 

4*87 

•500 

•167 

•551 

•184 

July i 

3*86 

•388 

•104 

•333 

•091 

Aug. 

3*38 

•28S 

•090 

•220 

*069 

Sept. 

1*03 

1*025 

•253 

•238 

‘059 

1; Oct. 

1*09 

•525 

•173 

•129 

•013 

1 Nov. 

4-46 

•313 

•096 

•315 

•097 

Dec. j 

1*69 

•500 

•165 

•191 

•059 

1889. Jan. i 

1*29 

•575 

•190 

•168 

*055 

Feb. j 

1-95 

*238 

•095 

•105 

•042 

Mar. 

1*S9 

•400 

•136 

•171 

•058 

April 

1 2-48 

-576 

•230 

•323 

•129 

Whole year 

29-27 

•426 

•139 

2*823 

•917 


^ Jour. Roy. Agric. Soc., 1881 and 1882. 
^ Jour. Chem. Soc., 1889, 537. 
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This gives a total of combined nitrogen in the rain of 3’74 lb. per 
acre per annnm. 

The mean amount from seven Continental agricultural stations 
between 1864 and 1872 is 0'47 parts of nitrogen as nitric acid per million, 
and 1*26 parts of ammonia per million in the rain, yielding a total fall 
of 10*18 lb. of combined nitrogen per acre. 

Eesults obtained in New Zealand and in Japan agree better with 
the Bothamsted results. 

On the other hand, Miintz and Marcano^ in 1883-5, as the 
result of over 120 analyses of rain-water in Venezuela, found as a mean 
2*23 parts of nitric acid per million (equal to 0*578 part of nitrogen), the 
maximum amount being 16*25 (4*2 parts of nitrogen) and the mini¬ 
mum 0*2 part (0*05 nitrogen) per million. In the island of E^union an 
average of 2*67 parts per million of nitric acid (equal to 0*69 part of 
nitrogen) was found. As the rainfall, too, is much greater, it is obvious 
that the amount of nitric nitrogen conveyed to the soil by the rain is 
very much greater in the tropics than in England. 

The same authors in 1890 ^ found a mean of 1*55 milligrams of 
ammonia (= 1*28 mgm. of nitrogen) per litre in rain-water collected in 
the tropics. Here, too, the amount is much greater than in England. 

Many analyses of rain-water in various parts of the world have been 
published in recent years. The table on next page gives some of 
the results. 

The amount of nitrogen in the rain collected in Pretoria and at 
Garforth were probably higher than exists in that of the neighbour¬ 
ing open country, being affected by the proximity of towns. This is 
indicated by the large amount of sulphates and free sulphuric acid 
present in the rain at Garforth (mean for two years, 11*67 parts total 
SO 3 per million, equivalent to about 73 lb. SO 3 per acre), which, being 
about seven miles to the east of Leeds, is doubtless affected by the pro¬ 
ducts of combustion of coal carried by the prevailing westerly winds. 

For a discussion and summary of results obtained by the examina¬ 
tion of rain-water, collected in various jjarts of the world, the reader 
is referred to a paper by Miller.^ 

Ozone, the active form of oxygen, is present in air, but in very 
varying and always excessively small amount. The measurement of 
the absolute proportion of ozone in air is difficult, and the greater 
number of observations recorded merely give the relative amounts 
according to an arbitrary scale (Schonbein and Houzeau). Moreover, 
it is very probable that many of the results obtained are really due, 
•wholly or in part, to the presence of hydrogen peroxide. 

Houzeau, who estimated the relative amount of ozone present in 
air by the colour imparted to strips of red litmus paper coated for half 
their length with 1 per cent solution of potassium iodide and exposed 
for a given time, concluded that the amount of ozone in country air 
was, at the most, 1 in 450,000 by weight or 1 in 700,000 by volume. 
He observed that the amount was greatest in May and June and least 
in December and January, and that during rain and particularly 

^ Compt. Rend., 108, 1062; Jour. Chem. Soc., 1889, Abstracts, 923. 

111, 181. -'Jour. Agric. Sci., 1905, i. 280. 
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tliiriim violent thunder-storms and gales the amount was often greatly 
liicreased. Over marshes or in towns no ozone can be detected. 


Xitrogeu in parts per niilliou.. 


Hath. 

PIlUrH. 

; Raiiitall. 

' Indies. 

:As amiiioiiia. 

1 

' As nitrates 
and nitrites. 

- : Total N. 
jib. per acre. 

1004-5 

Pretoria ^ 

(Transvaal) 

24*31 

' 1*194 

! 0-196 

7-67 1 

1005-0 

Dehra Dun - . . 

(India) 

. S4*S 

0*104 

i 0*070 

i 

1 3-41 


Cawnpore - . 

(India) 

; 49*36 

0*221 

1 0-068 

1 

! 3-25 

1 

1 

lilOll 

iFIahult^ 

’ (Sweden) 

32*00 

0-450 

i 

' 0-177 

4*62 

100.S 

Brisbane . 

(Australia) 

^ 45*44 

0-216 

1 

j 0-186 

1 4*15 j 


: Roma 
(Australia) 

26*16 

0-419 

0-207 

1 


■ Cairns^ 

(Australia) 

75*12 

0-080 

j 

0-104 

1 3*13 1 

i 


Garforth . 
(Yorkshire) 

: 26*44 

1-060 

0-286 

i 7*84 

1 

rm-s 

, Garforth . 
(Yorkshire) 

1 29*16 

0-773 

0*481 

1 8-64 , 

! ; 


Canada. 

37*85 ! 

0*296 

0*134 

i 4*33 

1D07-9 

Canterbury, N.Z.' 

26*80 : 

0*132 

0*178 

1-55 i 

1911-2 

Grahamstown ^ . 

(Cape Colony) 

21*87 i 

0T71 

0*132 

1 1*68 1 

IHO-l 

Bloemfontein 
(Orange River Colony) 

27*82 

0*582 

0*258 

5*27 ! 

.1911.2 

Bloemfontein 
(Orange River Colony) 

15*49 

1*389 

0-388 

6*23 

1911 

Durban (Natal) . 

42*34 

0*381 

0*129 

4*39 

1912 

Durban (Natal) . 

31*07 

0*556 

0*178 

5*16 


Cedara (Natal) . 

26*68 

0*780 

0*143 

5-58 


According to Schone the indications usually ascribed to ozone are 
really due to hydrogen peroxide. In 1874 and 1875 he made many 
determinations (in Moscow) of the amount of hydrogen peroxide in 
ram and snow, also by artificially producing hoar-frost, in air. He 
found the maximum amount occurred in air at 4 p.m! and the mini¬ 
mum between midnight and 4 a.m., and that it was most abundant in 
July and least abundant in December and January 

^ country and sea air contains a 

powerful^ oxidising agent in small quantity, that this substance 
whether it be ozone or hydrogen peroxide, is dLtroyed by contact with 
organic putrescible substances, and that the fact of its prLence in any 

^80 [18], 1503. Chem. Soc., 1878, Abstracts, 552. 
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particular sample of air is practically an indication of the purity of that 
air. The popular belief in the health-giving character of “ ozone¬ 
laden ” air is thus seen to possess a real foundation in fact, but not in 
the way it is generally supposed. The ozone is not of itself important, 
so far as is known, except as proof of the purity of the air from all 
readily oxidisable ingredients, and probably from germs of micro¬ 
organisms. It has been shown that ozonised air quickly destroys 
germs in air.^ 

According to Bach ^ hydrogen peroxide is present in the leaves of a 
large number of plants, being produced by the decomposition of car¬ 
bon dioxide in presence of water by the chlorophyll of the plants. 
Peyru^ found that ozone (or hydrogen peroxide) was evolved from 
growing plants. He found that more ozone was in nearly all cases to 
be detected in the air over a field with a growing crop than over a 
fallow field. He noticed that the amount of ozone was fairly con¬ 
stant during the day in August, but that from 6 to 9 p.m. no ozone 
could be found in the atmosphere. 

Determinations made by Thierry ^ on Mont Blanc showed 3*5-3*9 
milligrams of ozone in 100 cubic metres of air at Chamounix (1050 
metres), while at the Grand Mulcts (3020 metres) 9*4: milligrams per 
100 cubic metres were present. 

At Montsouris (Paris) the amount found was 1*9 to 4*0 milligrams 
per 100 cubic metres of air. It thus seems highly probable that the air 
from great altitudes contains more ozone or hydrogen peroxide than that 
near the surface of the earth. 

A marked diminution in the average amount of ozone in the air at 
Montsouris (Paris), and Marseilles was noted during the outbreak of 
cholera epidemic in France in 1884, the proportion of ozone at Paris 
sinking from 2*0, the average of the same period of the previous year, 
to 0*27, while at Marseilles the diminution was from 2*17 to 0*86. This 
may have been caused by the prevailing wind bringing air, charged 
with sulphur dioxide from the cities, over the observatories.*'' 

Accidental Gaseous Constituents. 

In addition to the substances already mentioned, which may be 
regarded as essential constituents, the atmosphere near towns and in 
manufacturing districts contains other, accidental, constituents. Some 
of these are very prejudicial to the life of plants. Sulphur dioxide, 
which eventually becomes sulphuric acid, is the commonest of these 
harmful impurities. It is derived chiefly from the combustion of coal, 
though the decay of animal and vegetable matter yields small quantities 
of sulphuretted compounds. 

The acid character of town rain is to be judged from the analyses 
on pages 33 and 39. It is mainly on account of this acidity of the air and 

^ Chappuis, Jour. Chem. Soo., 1881, Abstracts,632. 

^ Jour. Ohem. Soc., 1895, Abstracts, 26 and 239. 

'■‘Compt. Rend., 1894, 1206; Jour. Chem. Soc., 1895, Abstracts, ii. 240, 

^Ihid., 1897, Abstracts, ii. 253. 

Jour. Soc. Chem. Ind., 1885, 462. 
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rain that there is difficulty and, in many cases, impossibility of ^wing 
plants in our large towns, young grasses „ 

^ Bailev ^ in 1892 described the results obtained by the examination 
of a large number of specimens of air collected m Manchester, Liver¬ 
pool and London, with the especial object of determining the sulphur 
dioxide present. It was found that in clear, breezy weather less than 
1 milligi-am of sulphurous acid per 100 cubic feet was present in tiie air 
of Manchester: but during fogs the amount sometimes rose to as high 

as 34 to 50 milligiams. , , , , 

The chief causes which prevent or interfere with the growth ot 

plants in towns are— , < • i. u 

1. Diminished sunlight, often less than 50 per cent of the intensity 

of the light in the country. , . , 

2. The amount of sulphurous acid in the air. In neaTy, calm 
weather the amount is often ten to twenty times that present in windy, 
clear weather. During fogs the amount is even greater. 

3. The acidity of the rain. In Manchester often as much as seventy 
parts of sulphuric acid per million were found. It was noticed that- 
the rime deposited on the leaves of plants during frost sometimes con¬ 
tained as much as 400 parts of sulphuric acid per million. 

Organic matter of a readily putrescible nature is also present in 
air where respiration of men or animals or decay of organic matter 
{e.g.y in marshy and malarious districts) takes place. To this organic 
matter, perhaps, rather than to the increased carbon dioxide and 
diminished oxygen, the bad effects of breathing the atrnosphere of 
close and crowded rooms are to be ascribed. This organic matter is 
probably suspended, but is very finely divided. 

In 1906 to 1910, Crowther and Ruston - examined the rain falling 
in and near the city of Leeds, with especial reference to the total sus¬ 
pended matter, acidity, sulphur as sulphur trioxide and in other forms 
(ebieliy H^S and SO.^), chlorine and nitrogen (as ammonia, nitrates 
and in organic combination). They also divided the suspended matter 
into ash, tarry matter soluble in ether, and soot. 

Samples were collected from eleven stations, three. Nos. 1, 2 and 4, 
being in industrial parts; two, 6 and 7, in city residential pa^rts; five, 3, 
5, 8, 9 and 10, in suburban residential districts and one, 11, at Gar- 
forth, 7 miles to tbe east of the city. 

Their results are briefly summarised in the table on opposite page 
in lb. per acre, per annum. 

The bigh figures for chlorine found in stations 1 and 2 are 
accountei for by tbe salt glazing carried on at fireclay works in the 
neighbourhood. 

Direct determinations of the average intensity of daylight (as 
measured by tbe amount of iodine set free from a dilute acid solution 
of potassium iodide) showed that the smoke pall over station 2 in the 
industrial portion of the city, intercepted at least 40 per cent of the 
daylight received at station 9 in the suburbs, and that there was a dis- 


^ British Association Report, 1892, 679 and 781. 
® Jonr. Agric. Sci., 1911, 4, 25. 
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tinct correlation at stations 3, 4, 5 and 7 between the light intercepted 
and the total suspended matter in the air. It was also shown that 
leaves of laurel from the smokier parts of the town possessed very 
much lower assimilatory powers than similar leaves obtained from 
near the suburban station 9, the figures ranging from 53 (station 5) to as 
low as 114 per cent (station 4) of the assimilating power, per unit area, 
of the leaves from station 9. Further experiments showed that by 
simply cleaning the laurel leaves with a cloth, their assimilatory powers 
were considerably enhanced. 


Statiou. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Total suspended 
matter 

1SS6 

1565 

1163 

849 

659 

593 

399 

352 

147 

90 


Ash 

1113 

600 

709 

423 

199 

216 

146 

141 

54 

49 

— 

Tar 

110 

69 

149 

78 

43 

34 

32 

28 

26 

14 

— 

Soot 

663 

841 

305 

348 

417 

343 

221 

183 

67 

27 

— 

Free acid, as H..SO4 

35 

90 

30 

45 

11 

29 

26 

8 

11 

0 

28 

Sulphur as SO3 

128 

185 

269 

149 

118 

110 

h5 

77 

82 

53 

65 

,, in other 









1 



forms 

43 

30 

67 

48 

40 

46 

49 

70 i 

1 16 

1 20 

26 

Total sulphur. 

169 

215 

336 

197 

158 

156 

134 

147 ! 

98 

; 73 

91 

Chlorine 

164 1 

198 

101 

75 

41 

lOS 

51 

57 1 

34 

38 

22 

Nitrogen, as NH.5 . 

13‘0 

15-5 

14*4 

14*4 

11*1 

9-9 

8*4 

77 

8*3 

!5-8 

5-0 

,, as NO.,> . 

none 1 

none 

0-5 

03 

1*1 

1-0 

0-8 

0*2 

1-1 

0-7 

3-2 

,, as organic 








1 




matter . 

4-7 

2-9 

3*5 

2*.2 

0-8 

3-2 

1*6 

2-3 1 

2*1 

A-3 

1*1 

Total nitrogen 

17-7 

18*4 

18*4 

16 9 

13-0 

14*1 

lO'S 

10 2 1 

1 

1 1 

11-5 

1 • 

17-8 

9-3 


The acid character of the rain was shown to have a distinct and 
cumulative effect upon grasses, greatly diminishing the yield and in¬ 
creasing the proportion of crude fibre in the product,’while greatly 
diminishing the proportion of nitrogenous matter. 

It was also noticed that acid rain had a considerable effect upon the 
soil, the nitrogen as ammonia being increased with increasing acidity 
while that as nitrates became very small and, in the case of very acid 
water being employed, disappeared altogether. The bacteria content 
of the soil was also very seriously diminished by acid rain, the nitrogen- 
fixing organisms and the nitrifying bacteria being especially affected. 

Solid Matter. —Air always contains large quantities of suspended 
solids, some of which consist of micro-organisms and their spores. 
The total number of micro-organisms in a given volume of air can be 
estimated by aspirating a known volume of air through a wide tube 
coated internally with sterilised nutrient gelatine. The tube is after¬ 
wards kept in an incubator for a few days and the number of colonies 
of micro-organisms can be counted. By this .and other processes the 
air of various places has been examined bacteriologically.^ The number 

^ P. F. Frankland, Pr. Royal Society, 40, 509. 
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present varies enormously and is less at greater elevations. Thus 
at Korwich, IS organisms in 10 litres of air were found near e 
ground 9 at a height of ISO ft., and 7 at 300 ft. At S. Kensington it 
was found in 1886 that an average of 279 micro-organisms fell on 
each square foot of surface per minute, and that an average ol 35 were 

present in 10 litres of air. ^ . 

Ill air are to be found dust particles of every description, blown up 
from the surface of the ground and consisting of fragments of very 
diverse character. 

In addition, air, even at considerable heights, contains solid particles 
of a more dehnite and uniform character—the minute particles left by 
the evaporation of the tiny droplets of the spray from the sea. liiach 
drop of the spray loses its water by evaporation and leavp an ex¬ 
cessively minute particle of dust, which remains suspended in the air 
until washed out by rain. These saline particles are naturally most 
abundant near the coast, as is evident from the analyses of rain-water; 
but at places far inland, chlorine is to be found in rain-water, and 
sometimes in considerable quantities. 

Thus, Kinch^ at Cirencester, during a storm from the S.W. by W. 
(from the Bristol Channel), found as much as 44*79 parts of chlorine per 
million of rain-water. The average quantity of chlorine found^ in the 
rain at Cirencester for the fourteen years 1887 to 1900 was, during the 
winter (September to March) periods, 3*55 parts per million, during the 
summer (March to September) periods, 2*27 parts per million. This, 
if calculated to sodium chloride, with the average rainfalls of 14*26 in. 
and 12*78 in, respectively, corresponds to the deposition of 19*35 lb. 
common salt per acre during each winter and 10*40 lb. during each 
summer, or a total of 29*75 lb, per acre per annum. In Demerara, 
during the six years 1891 to 1895, Harrison found that the rain 
(average fall, 111 in. per annum) contained an average of 4*69 parts 
of chlorine per million, corresponding to a total of 186 lb. sodium 
chloride per acre per annum. Euston/^ at Garforth, near Leeds, 
found an average of 3*60 parts of chlorine per million of rain during 
1906-1908, corresponding, if calculated to sodium chloride, to 37*3 lb. 
per acre per annum. 

Rain-water thus supplies a considerable quantity of solid matter, 
some of which has manurial value, from the sea to the soil. At Yalentia 
(Ireland) Smith found about 49 parts of chlorine per million; this 
would correspond to about 1*5 parts of lime and 1*0 part of potash 
per million, assuming that the chlorine was due entirely to the spray 
of sea-water. This would mean the deposition of the equivalent of 
al>out 5 oz. of lime and about 3-^ oz. of potash per inch of rain on each 
acre of land. At inland places the quantities are, of course, much less, 
and the amount of manurial mineral matter conveyed to the soil by 
min is usually so small as to be almost'negligible. 

Water for Irrigation Purposes. —^In arid climates the composi¬ 
tion of river water, used for irrigation purposes, is a matter of 

‘Jour. Chem., Soc., Trans., 1900, 1271. 

®Rep. No. 74, Univ. Leeds and York^ Ooimc. Agric. Education, 1908. 
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“Considerable importance. If saline patter, especially chlorides, be 
present, there is a danger of setting up a ‘^brackishor alkalicon¬ 
dition of the surface soil, which may be very destructive to plants. 
.Several of the South African rivers are distinctly alkaline from the 
presence of sodium carbonate, and to this fact is doubtless due their 
very muddy character and the slowness with which the suspended clay 
separates. 

Moreover, several of the bore holes in the Transvaal yield water 
which contains small quantities of sodium carbonate, and this fact 
may have considerable influence when the water is used for irrigation. 

Plants show very different degrees of tolerance to the presence of 
saline matter in the soil. As a rule sodium carbonate has the most 
deleterious effect, followed by sodium chloride, while sodium sulphate 
is much less harmful. In America, soils which are “ brackish ” from 
the presence of chlorides and sulphates are known as “white alkali ” 
soils, while those containing sodium carbonate are called “ black alkali ” 
soils. 

The following table (from American sources) gives the maximum 
amount, in pounds per acre, of the three salts which may be present 
in the upper four feet of a soil without serious injury to the various 
plants:— 



Sodium chloride. 

Sodium sulphate. 

Sodiiiiii carbonate. 

Wheat 

1160 

15120 

1480 

Barley 

5100 

12.20 

12170 

Lucerne (old) . 

5760 

102480 

2360 

Lucerne (young) 

760 

11120 

_ 

Sugar beet 

5440 

52640 

4000 

Salt bush . 

20320 

19240 

3200 1 

Oranges . 

3360 

18000 

3840 i 

Lemons 

800 

! 4480 

480 i 

Pears 

1360 i 

17800 

1760 

Apples 

1240 1 

14240 

640 

Grape vine 

9640 1 

40800 

7550 


In the above table it is assumed that each foot of soil per acre 
weighs 4,000,000 lb. so that the four feet depth would correspond to 
16,000,000 lb. Thus, even the largest figure—102,480 lb. (for estab¬ 
lished Lucerne) would only mean the presence of 0*64 per cent of 
sodium sulphate in the soil, while the lowest one—480 lb. sodium car¬ 
bonate per acre (lemons)—corresponds to 0*003 per cent of the injurious 
material. 






CHAPTER IIL 


The Soil. 

Soil is the layer of more or less disintegrated rock which covers a 
large portion of the surface of the earth and which is fitted, under 
proper conditions of climate, to support the growth of plants. The 
thickness of this layer varies i^'eatly, being mainly determined by the 
relative rates at which weathering disintegration of the rock under 
climatic influences) and denudation (i,e., removal of the d^hris pro¬ 
duced j go on under the local conditions. 

In countries of temperate climate and moderate rainfall, with 
many rocks, these processes are so proportioned that the depth of 
dehtns over-lying the hard rock is a few feet, but obviously this de¬ 
pends largely upon the nature of the rock. In other places, denuda¬ 
tion is restricted, either by the contour of the surface, the character of 
the rainfall or other circumstances, and the layer of debris attains a 
great thickness. For example, in many districts in the Transvaal the 
material available for the formation of soil is 30 or 40 ft. in depth. 
On the other hand, in mountainous districts with heavy rainfall, 
denudation keeps pace with weathering, and little material is left fromi 
which soil can be formed. In such places the layer of soil may be 
only a few inches in thickness, and may rest upon hard, undisturbed 
rock. In limestone or chalk districts, too, where denudation consists 
largely in the removal of calcium carbonate m solutmi, the soil-forming 
•material is often mainly confined to the siliceous or argillaceous matter 
present and is, therefore, small. 

In addition to the mineral ingredients, which usually constitute 
the largest portion, all soils contain certain quantities of organic matter 
resulting from the decay of previous vegetable growths. Soils also 
contain living organisms and varying quantities of water and gases. 
The depth of the soil- proper varies, but on cultivated land is gener¬ 
ally from 9 to 12 in. It rests upon the subsoil, which differs from it 
ill being less oxidised, not so rich in organic matter, and often lighter in 
colour, the difference in the last respect being due partly to the sub¬ 
soil being poorer in the dark-brown organic matter—humus—and 
partly to the iron being in a lower state of oxidation in the subsoil. 

Since soil consists largely of disintegrated rock, it is evident that a 
knowledge of the composition of the rock beneath and of its constitu-. 
ent minerals is of considerable help in judging of the probable com- 
jwisition and character of a soil. An acquaintance, therefore, with 
geology and mineralog^^ is useful to the scientific agriculturist. 

(42) 
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Minerals. —The word jiiincral is used in several senses: as an adjec- 
tive it is often employed as synonymous with inorganic, e.g., the 
mineral constituents of soil or of food. As a noun, in popular 
laiiiguage it is used as the name for any deposit which is obtained from 
the earth by mining—thus gold, silver, coal, and even sandstone are 
often spoken of as minerals. But in scientific language, as a noun, it 
has a more restricted meaning. 

A mineral, in the sense in which the word is used by a geologist, is 
characterised chemically by possessing a perfectly definite molecular 
structure and yet showing great variation in composition. This is due 
to the power which similar isomorphous elements exhibit of replacing- 
each other in a compound without altering its crystalline form or 
general characteristics. Thus in felspar, KoO.AhOy.GSiOo,. as it is 
Aisually represented, the potash is almost always replaced to some ex¬ 
tent by soda, and the mineral can be traced through all intermediate 
stages to albite, with the ideal composition, NaoO.ALOy.GbiO^. Bo, 
too, in calcite, which is theoretically CaCO^, traces of magnesium are 
invariably present, and the replacement of Ca by Mg may go on until 
the composition of the substance would be more correctly represented 
by MgCOy. 

Minerals imioortant in agriculture because of their abundance 
ane :— 

Quartz ,—This is practically pure silica, SiOo, and is extremely 
abundant. It occurs in granite and many other igneous rocks. It is 
practically insoluble in water and so is little affected by weather. 
XJ sually, however, the other constituents of the rocks in which it occurs 
(c.g,, the felspar in granite, the cementing material—calcium carbon- 
a,te, clay, or ferric oxide—in sandstone, etc.) disintegrate by weather¬ 
ing, and the quartz fragments become detached and are thus removed. 
Quartz, though the most abundant constituent in most soils, is of practi- 
csblly no value as a plant food. 

Felspar may be orthoclase, KoO.xIhOjj.GSiO.,, 
alhite, Na.^O.AloOg.GSiO.^, 
oligoclase, ^(Nao : Ca) 0 .Al, 03 . 6 Si 0 .), 
or labradorite, (Na^: Ca)0'.AL0;i.3l5i0o. 

Orthoclase, the most important of these, is veiy abundant, forming an 
essential ingredient in granite, gneiss, syenite and many other rocks. 
Though a hard substance, felspar is very easily decomposed by the 
influence of the weather. Water containing carbonic acid attacks it 
x-eadily, removing the larger portion of the potash and a poilion of the 
Bilica in a soluble form and leaving, eventually, a residue containing 
pixre clay or kaolin, AL,Oy.2H^0.2SiOo. Clay, however, is usually 
eontaminated with partially decomposed felspar containing still a por¬ 
tion of its potash. Felspar furnishes a considerable portion of the 
potash of a soil. 

Mica, SAljjOg.K^O.lSiOo, always contains considerable quantities 
of ferric oxide, which partially replaces the alumina; magnesia, soda 
a.nd. lime, also, are usually present. This mineral occurs in many 
rocks, notably in granite and gneiss. It is disintegrated by atmospheric 
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agencies, hut not so easily as felspar. It furnishes plant food by virtue 
of the potash, lime and iron which it contains. 

Ciilciiini Carbonafc .—This occurs in a great variety of different 
toriiis, constituting, when crystallised, the various modifications of 
ihilciic irhombohedral) and arragoiiite (rhombic), and when in the 
iiia^sive form, the rocks chalk, limestone and marble. As already 
stated, these substances contain magnesium in smaller or larger 
quantities, also iron, and often manganese, the metals naagnesium, iron 
imd manganese partially replacing calcium. Eocks containing calcium 
carbonate also invariably contain notable quantities of phosphates. 
Limestones thus furnish important constituents of plant food and are 
almost indispensable in many of the processes which go on in soils 
under the influence of bacteria (vide Chap. IV). 

Silicates of ^lagnesia are also extremely abundant. Many differ¬ 
ent varieties exist,'among the most common being talc d^nd steatite, 
6Mg0.4Si0„.H.,0 (usually containing ferrous oxide and alumina), 
hornblende, asbestos and angite (Mg: Ca : Fe : Mn)0 . SiO.>, chlorite, 
4Mg|Fe")0.2Si0,,.Aip3.3H,>6, and olivine, 2(Mg :Fe)O.Si6^. Many 
of these also contain" silicate of alumina, and both ferrous and ferric 
silicates. 

Clay, in its pure form, occurs as kaolin, x\L03.2Si0^.2H20. Com¬ 
mon clay, however, always contains iron (replacing the aluminium) 
and generally some imperfectly decomposed felspar, so that it serves 
as a source of potash and iron to plants. 

Rocks.—Any detailed account of rocks, their origin and character¬ 
istics, would be out of place here ; but a few words may fitly be said 
about the chemical composition and characteristics of a few typical 
soil->ielding rocks. 

If we accept the nebular theory of the earth’s origin, it is evident 
that all rocks must have been formed out of the original intensely 
heated matter which, ages ago, represented the earth. The greater 
portion of the rocks at present forming the crust has probably been 
through a succession of changes, at one time forming hard igneous 
rock, then broken down by weathering into debris, which in course of 
time was again consolidated into rock, in some cases to be again de¬ 
nuded. The rocks now found are classified in various ways by geolo¬ 
gists. One convenient method is based upon the process by which 
they were formed. We thus get three principal classes 

1. Ijfmo'us rocks, subdivided into (i) Plutonic, (ii) Volcanic, 

2. Sediffiejitaf'y rocks, subdivided into (i) Mechanically precipi¬ 
tated, (ii) Chemically precipitated. 

3. Metaniorphic rocks. 

These terms are almost self-explanatory. Glass 1, generally hard 
and silicious, often eiystalline, comprises those rocks wFich have been 
formed by solidification from a fused state; class 2, those formed from 
the fragments of previous rocks by deposition, generally under water: 
class 3, rocks (generally of class 2) which have been altered in char¬ 
acter, since their deposition, by high temperature and pressure. 
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Another method of classification is based upon structure. Thus we 
have— 

A. Crystalline rocks, e.g., granite. 

B. Vitreous rocks, obsidian. 

C. Colloidal rocks, e.g., silicious sinter, nodules. 

D. Fragmentary rocks, c.cj., sandstones, shales. 

Eocks of classes A and B are generally igneous in origin (exception 
—certain limestones, rock salt, gypsum, etc., which may be classed as 
crystalline). Class C have probably been deposited from solution. 
Class D are sedimentary in origin. 

Class 1 include the oldest rocks, from which probably the other 
rocks have been formed. Eocks of this class generally contain seveiul 
minerals. 

The oldest igneous rocks probably consisted mainly of silicates and 
silica ; granite, syenite,* basalt, diorite and trap, are types of such old 
rocks. Under the denuding influences of the weather, portions of their 
silicates are decomposed and the whole rock disintegrates and is carried 
away by running water to the sea, the alkalies (potash and soda), the 
greater part of the lime, and portions of the magnesia and silica being 
in solution, much of the silica and the silicate of alumina in sus- 
pension. In the sea and rivers the suspended matter speedily settles 
to the bottom, the heaviest and coarsest portion, consisting of large 
fragments of quartz and some felspar, mica, etc., first, then the more 
finely divided quartz, etc,, and lastly, after a long time and only in 
deep water, the very finely divided clay. The dissolved matters, con¬ 
sisting of compounds of potash, soda, lime and magnesia, remain in 
solution until removed by the agency of living organisms, ejj., shell¬ 
fish, coral polyps, or sea-plants. 

In this way are formed accumulations in the bed of the ocean 
which, under pressure subsequently applied, will furnish grits, sand¬ 
stones, shales and limestones respectively, the latter being mainly 
composed of the debris of marine Crustacea. The dissolved silica is 
also removed by diatoms, whose silicious skeletons sink to the bottom 
and remain admixed with the calcareous materials. 

Sedimentary rocks are thus divided into the three great classes— 

1. Sandstones, grits and conglomerates, whose main ingredient is 
quartz, almost always mixed with some felspar and mica, and having 
their grains cemented together by either calcium carbonate (calcareous 
sandstone), clay (argillaceous sandstone), ferric oxide (ferruginous sand¬ 
stone), or soluble silica (silicious sandstone). 

2. Shales or Clays .—These are mainly composed of kaolin, but also 
contain finely divided silica, particles of imperfectly decomposed felspar 
and often considerable quantities of ferric oxide, 

3. Limestones, including chalk and magnesian limestones. Here 
the chief ingredient is calcium carbonate, but magnesium, silica, iron, 
aluminium, phosphoric acid and other substances are almost always 
present in varying proportions. 

In addition to these are some few rocks formed in other ways. 
Thus, by precipitation 'from solution, either by loss of carbonic acid, 
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when Ciileareo'js deposits such as tufa, travcrtuu silver, 
evaporation, i)v tvliieh aapsum, rock-sali and the Stassfurt deposits 
were probablv formed. Then, too, hr the agency o£ animals, phosphatic 
<it-posits. e.if.. :juano, coprcUtes and bone-earth, have been produced, 
while the reaiaiiis of plants have given rise to the important roelcs 

rai. lianitc And ])eat. „, . j j 3 - 

ilotiiiiiorphic rocks partaJve of tli0 na^turo of both, igiiBOiis and S6cii- 
iiieiitarv rocks, manv having been formed from the latter by chemical 
and phYsical changes produced by great pressure or high temperature. 
As a riile thev tend to show a crystalline character and are often hard 
ami very similar to true igneous rocks. Sandstones become changed 
bv metamorphisni into quartzites. Shales become slates or even 
timis-s. Limestones are converted into 7?iarble. 


IFoRiTATrON OF SoiLS. 

The inorganic portion of a soil is really the insoluble portion of 
the debris resulting from the weathering of the rock on which it rests. 
It is, in fact, the disintegrated rock which has not yet been carried 
away to the final resting-place of all products of denudation—^tbe ocean. 

By the decay of igneous rocks there result, as has sDlready been de¬ 
scribed, the materials which, when separated according to the order in 
which they settle out from suspension and solution in water, would 
form grits, sandstones, shales and limestones. Soil formed b}' the de¬ 
cay of such a rock might be expected to have the composition of such 
a mixture, and to a great extent this is actually the case, except that 
the soluble products of denudation, ri'.sf., the carbonates of potash, soda, 
lime and magnesia, have been to a great extent carried off in the drain¬ 
age water. 

By the decay of sandstones there results a soil composed very 
largely of gi’ains of silica, but generally containing, in addition, 
whatever fmgments of other minerals there might have been in the 
rock, most commonly particles of felspar, mica, oxide of iron and clay. 
Such soils are usually light and friable and poor in the main inorganic 
constituents of plant food, with the exception- of potash, which is 
sometimes sufficiently abundant because of the felspar or other 
potash-containiiig minemls present. 

Shalm, consisting essentially of the very plastic hydrated silicate of 
aliiiiiina, when disintegrated, tend to yield heavy clay soils, in most 
cases sufficiently well provided with potash, but often deficient in 
phosphates and lime. 

CaUarmm rmks, including chalk, limestone and marble^ are 
rapid!} eroded by the combined, action of water and carbon dioxide, 
iheir calciuin carbonate being removed in solution, and the foreign 
Mies, e.g., flint, sand, clay and oxide of iron, left behind on the surface, 
it thus often happens that the surface soil on limestone is almost free 
uom ^ieium earlx>nate and would be benefited by the application of 
ime. In the ease of many limestone soils,, the actual inorganic matter 
in the soil prolmbly does not exceed 1 per cent of the amount of lime- 
‘Stoae whicli must have been denuded in order to leave it. 
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Soils resting on the rocks from which they have been formed are 
known as sedentary or indigenous soils and depend for their fertility 
upon the stores of plant food present in those rocks. 

Trans;ported soils .—Many soils are produced from the decay of 
rocks other than those upon which they rest. The rich, alluvial soils 
of wide valleys contain inorganic materials which have been trans¬ 
ported from a distance by the river and deposited there. The materi¬ 
als, in many cases, have been brought from various rock formations, 
and the resulting soil consequently possesses a greater fertility than 
would be shown by a soil formed exclusively of the debris of any one 
kind of rock. An instance of advantage being taken of the fertility of 
the suspended matter carried by river w^ater is afforded by the practice 
of “warping” land as carried out on the Humber and Trent. Low- 
lying land is there systematically treated wuth flood water, which is 
kept back from flowing into the river for a tide or two, until it has de¬ 
posited its suspended matter. This flooding, settling and running off 
the clear water at low tide is repeated until a considerable thickness of 
silt is deposited over the surface of the land. After this treatment, 
when the land has dried sufficiently, enormous crops can be borne for 
several seasons. On a still larger scale, the Nile water is used in this 
manner. 

Other means of effecting transportation are provided by glaciers. 
Large areas of land have in many places been covered with a thick 
deposit of debris brought from a distant source by moving ice. Such 
deposits are known as glacial drift and often consist of a finely divided 
clay matrix holding blocks of hard rock, which in some cases, show 
the marks of ice scratches and have been brought from an immense 
distance. 

Wind is sometimes a means of transporting matter from a distance 
and depositing it so as to form a soil. This occurs with sand near 
the sea coast or on the shores of large lakes, and also, over greater 
distances, with the ashes ejected from volcanoes. 

The formation of soils is mainly brought about by the following 
agencies:— 

1. Water. —This acts in various ways :— 

(i) Mechanically .—The flow of water over a rock subjects it to 
slight abrasion; this is greatly increased by the pebl4es and stony 
fragments, which are urged by the current over its surface. In this 
way, rapid streams and rivers carry down large quantities of materials 
from high ground and deposit them in the low-lying plains, giving rise 
to alluvial deposits. This action becomes most evident after heavy 
rains, when the water becomes muddy and discoloured. 

(ii) By alternate frost and tliaiv. —Ice, as is well known, occupies 
more space than the water from which it is formed. The increase in 
volume amounts to about 10 per cent, and the force exerted by water 
in freezing is almost irresistible. Indeed, freezing cannot take place 
without this expansion, and if it be prevented, the water remains 
liquid, though its temperature be reduced much below 0° 0. It is 
found that if an additional atmosphere of pressure be exerted upon 
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%v,itvr point is lowered by *0075° C. The bursting of water 

II > wiiiier is a familiar consequence of this expansion in 

i n riiitui'e the disintegration of rock is greatly aided by this action 
.viUrl-,. huriniT the warm part of a winter’s day, the crannies and 
i' of II rock may become tilled with water. x4s the temperature 

I til-! the water Ix^gins to freeze, at first on the outside, so that erery 
r ’ > viiv iH^eomes stopped with a plug of ice, the still fluid water behind the 
to lose heat and therefore tending to solidify. This it 
^iir^iuy do if it cun increase its bulk by about 10 per cent. In order to 
do t'hs 'it niiisi either widen or lengthen the crevice which contains it. 
W'hfU rht' iii/xt thaw comes, the widened or deepened crevice again fills 
ith water . and the next frost repeats the action described. This process, 
-oing on at hundreds of places on the surface of a rock, soon breaks it 
111 ) into smaller fragments, and these in turn are subjected to the same 
;ii*!ion. The process is necessarily confined to the outermost layer and 
is only of much importance when frost and thaw alternate rapidly. 
liOiig-eoniiinied frost appears to protect rocks from weathering, the ice 
loi'mt'd ctuiieiiting the whole surface together. 

The a!)Ove is the generally accepted explanation of the disintegrat¬ 
ing fcd'fect of the alternate freezing and thawing of wet rocks and soils. 
Bui the writer, from obseivations he has made in hilly districts and 
fioin facts that have come under his notice, is of opinion that there is 
another important factor to be taken into account, mz., the forces 
exerted b\' the cix'stals of water, during freezing, in striving to main¬ 
tain xhtir original direction of growth. The writer has noticed that 
sandy surfaces near cliffs in mountainous districts are sometimes 
covered, after a frosty night, following wet weather, with a moss-like 
growth or elllorescence, consisting of fine filaments of ice, in apparently 
prismatic ciystals. In some cases, this growth attains a height of 
st?veral inches, and pebbles and fragments of gravel are lifted by it two- 
or three inches above the level of the ground. 

Moreover, it has been shown ^ that a disintegrating effect perfectly 
similar to that produced by the alternate freezing and thawing of 
water on |.x)rous eaithenware can be produced by replacing the water 
by melted, crystallised sodium thiosulphate, Na^S„ 03 . 5 H 20 , which is 
Muid at alioiit 50° C. and which is denser in the solid than in the liquid 
state, and which, therefore, unlike water, contracts very slightly in 
solidifying. The disintegi'ating effect, in this case, can only be 
mmrihed to the forces brought into play by crystallisation. A some¬ 
what similar effect is sometimes to be noticed with a photographic dry 
plate. If a gelatine plate be removed from the fixing bath and, with¬ 
out washing, set aside to dry, the residual sodium thiosulphate crystal- 
liNcs out on drying and often teais holes in the gelatine film. The 
ex])ansive effect of solidification of water is probably the more potent 
factor in hvmgmg about the disruption of large fragments of rock, but 
witfi tht-smaller fragments and with clods of clayey soil the effect of 
the eiysta 111 sing forces may be the more important. 

^Cobb, Jour. Soc. Chem.lnd., 1907, 390. , ; 
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(iii) ^45 glaciers .—Glaciers have played a very important part, both 
in grinding and wearing down rocks into the finest powder and also in 
transporting the materials, in some cases for hundreds of miles. The 
v,rater which issues from the snout of a glacier is always heavily hMleru 
with the finest mud, and huge heaps of cUbris^ known as moraines,, 
mark the successive positions of the termination of the glacier. The 
fine portions of the glacial deposits possess a composition similar to 
that of the rock from which they were formed, comparatively little 
chemical change having taken place in their production. 

(iv) Chemically .—As alrea^ stated, many minerals, e.g., felspar,, 
exposed to the action of water, undergo chemical changes leading to* 
their disintegration. In many cases soluble compounds are produced 
and carried away in solution by the water. This is pre-eminently the 
case with calcium carbonate, which, though almost insoluble in pui’e 
water, dissolves readily in water containing carbon dioxide, j)robably 
because of the formation of calcium bicarbonate, Ca(HCOjj) 2 . Hence 
it is found that all river and spring waters contain dissolved mineral 
matter, and in many cases calcium carbonate is the largest constituent. 
The action of water on felspar has already been described. 

In these and in other ways, water, by its solvent properties, aids 
greatly in rock disintegration. 

2. Air. —This also acts in several ways :— 

(i) Mechanically. — In mountainous districts, high winds un¬ 
doubtedly act destructively upon rocks, both by the actual pressure 
exerted on projecting portions and also by hurling pebbles and smaller 
fragments of rock against them. The results are sometimes seen 
in the production of fantastic forms in sandstone, produced by the 
erosion due to sand blown by the wind against the lower portion of a 
projecting rock, giving rise to an undercutting. This action, well 
shown at Brimham Eocks, in Yorkshire, is probably not a very im¬ 
portant one. 

(ii) Chemically .—Many rocks contain the lower oxides of metals, 
especially of iron. On exposure to air, such pxides combine with an 
additional quantity of oxygen, in so doing altering their volume and 
changing their colour. The change in volume, accompanied veiy often 
by falling to powder, aids in breaking up the rock. Air in the presence 
of water also oxidises metallic sulphides, e.g., iron sulphide, and so 
produces disintegration in rocks containing such compounds. The 
carbon dioxide of the air, acting with water, is necessary for many of 
the chemical changes described as being due to water. 

3. Earthworms play an important part in the formation and 
modification of soil. Darwin has shown that they bring portions of 
the subsoil to the surface, render the soil more porous and pulverulent, 
and aid greatly in the conversion of vegetable refuse, leaves, etc., into 
humus. This they do partly by drawing dead leaves, etc., into their 
holes, and partly by actually passing the vegetable matter and the soil 
containing it through their bodies. This matter is ejected and 

1 “ Vegetable INIould and Earthworms,” 1881 . 
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iKwitfJ on tlif surface of the ground at the -rate of about 10 tons to 
jhi ,c..v p.T annum, Imning all small objects, like stones, fragments 


of iHM'lt 

I 


f to ‘I depth which increases at an average rate oi aibout 
O’ 'i» i-ich per vear. The number of earthworms to the acre is 
.UpnVtP^i to average over 25,000, so that the part played by them must 
iniporiiint. According to Eusseli/ however, the effect of earth- 
n. n iii-. in pronioting decomposition of organic matter and formation of 
jV vt'n- small, though their effect in loosening the soil is valuable. 

In tropical eoimtries white ants probably perform much the same 
kind of work as that done by eaiiliworms in temperate climates. In 
\frica, the veld in many districts is thickly studded with ant¬ 
hills, ranging from a foot to three or four feet in height, some nearly 
lh‘ini>]Iie]ieal in shape, others columnar. The subterranean galleries 
id the extend to a depth of six or eight feet and have a consider¬ 
able lateral extension. When such land is ploughed and. cultivated, 
it is geiierallv noted that the sites of the ant-heaps are decidedly more 
fertile tiian the surrounding soil. Chemical examination shows that 
this is clue to the material of an ant-heap being decidedly richer in 
plant food than the surrounding soil. For example, ant-heap material 
null the veld soil taken a few feet away, collected by the writer 
near Christiana, in the Western Transvaal, yielded the following 
figures on analysis:— 




A.nt heap. 

Veld .soil. 

Stones removed by 3 millimetre sieve . 

Tlie tioe soil contained :— 

• 

Hone 

8*66 

Moisture. 


3*28 

1-98 

, ^ Loss on ignition (organic matter, etc,) 


13'03 

4-14 

Silica and insoluble silicates 


74-59 

82-86 

Iron oxide and alumina .... 


8-79 

9-89 

lime .. 


0-30 

0-12 

Magnesia. 


0-40 I 

0-80 

Potash. 


0*39 

0-25 

Phosphorus pentoxide .... 


• 0-06 

0-06 



100-84 

99*48 


*Coiitamiiig nitrogen.’ . 0*343 O'OSO ' 

^‘Available’'potash. 0*0482 0*0121 

„ phosphorus pentoxide . . . 0*0102 0*0017 


It is to be noted that the ant-heap mafeerial contains more than 
four times as much nitrogen, nearly four times as much “available’' 
|.K>tash, and six times as much available phosphorous pentoxide as the 
ncighlroiuing soil. It is also richer in lime and total potash. 

Ant-lieap material proves in practice to be very fertile, and when 
finxtd with, a little sand, or sandy soil, so as to remedy its somewhat 
im coherent nature, is admirable for seed beds. 


^ Jour. Igric. Sei., S, 246. 
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4. Vegetation.—This acts in several ways :— 

(i) Mechanically. —The roots of a plant penetrate the rocks or soil, 
rendering them porous, and so admitting air and water. Boots, indeed, 
are capable of exerting considerable disruptive force, as is sometimes 
strikingly shown by the dislocation of pavements, walls, or buildings 
by the growth of trees. Plants also tend to prevent the access of sun¬ 
light and air to the surface of rocks, and so favour their denudation 
by moisture. 

(ii) Chemically. —(a) During life, by the solvent action of the roots, 
which secrete an acid liquor capable of dissolving many constituents 
of rocks, (b) After death, by decaying and producing both acids of 
the type of humic acid and also carbon dioxide, which is always found 
in large proportion in the air of a soil. These acids have powerful 
solvent properties. 

5. Bacteria.—As will be discussed hereafter, ordinary vegetation 
requires the presence of nitrogenous organic matter, “humus,*' in the 
soil, and since the main source of this organic matter is the remains of 
previous plants, the question naturally suggests itself—What is the first 
source of organic matter in the mineral d6bris resulting from the dis¬ 
integration of rocks? According to the observations of Miintz ^ the bare 
surfaces of the rocks, even near the summits of mountains, yield large 
numbers of nitrifying and other organisms which are able to withstand 
the lowest temperatures. Direct experiments showed that these or¬ 
ganisms, with no other food than the mineral matter of the rocks and 
small quantities of ammonia and alcohol vapour in the moist atmosphere 
around, were able to live and produce nitrates, also to accumulate car¬ 
bon. According to Winogradsky^ these organisms, by the energy 
liberated by the oxidation of ammonia to nitric acid, are able to obtain 
carbon from mineral carbonates. It is evident, if these conclusions are 
correct, that bacteria must play an immensely important part in in¬ 
itiating the formation of the indispensable humus in soils. They are 
equally important in carrying on the functions of a fertile soil (mde 
Chap. IV). 

It is also to be noted that certain low forms of vegetation, e.g,, lichens 
and algae, are apparently able to grow on a purely inorganic soil; they 
must therefore obtain the nitrogen they require from the air, possibly 
by the aid of micro-organisms associated with them. Such vegetable 
growth furnishes humus to a soil and renders it suitable for maintain¬ 
ing the life of higher plants. 

Pboximate Constituents of Soils. 

The constituents of a soil are popularly divided into four groups, an 
arrangement which, though perhaps not scientific, is often convenient. 

These proximate constituents are:— 

(i) Sand, consisting mainly of silica, but containing small frag¬ 
ments of felspar, mica, or even of limestone. 

(ii) Clay, mainly kaolin, but also containing finely divided felspar. 

1 Ann. Chim. Phys. [6], 11, 136; Jour. Chem. Soc., 1867, Abstracts, 1135. 

“Ann. Agron., 16, 273; Jour. Chem. Soc., 1890, Abstracts, 1180. 
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(iii) Finely divided limestone. 

(iv) Humns, the somewhat indefinite product resulting from the- 
decay of organic matter in the soil. 

Sand, from a chemical standpoint, is one of the least important, 
constituents of a soil, furnishing as it does only very little of the food 
of plants. In fact, the essential constituents, the grains of quartz, are 
probably of no value whatever as plant food. The little plant food 
“ sand ” does provide is furnished by the fragments of felspar, mica or 
calcium carbonate which may be present in it. From a practical 
point of view, however, sand is of the greatest value, because of the 
effect of its presence upon the physical texture of the soil. The im¬ 
portance of the physical condition of a soil is apt to be overlooked by 
a student of chemistry, but is often even greater than that of the 
chemical composition. Becently much attention has been paid to a 
study of the physical properties of soils, and valuable information is- 
rapidly being accumulated, especially in‘America and Germany.^ 

The terms “light” and “heavy” as applied to soils possess a. 
meaning well known to agriculturists, referring to the ease of working, 
and really depending upon the tenacity or cohesion and not upon 
relative weight. As a matter of fact, the specific gravities of “ light ” 
and “heavy” soils are just the opposite to what the terms would 
seem to imply, the specific gravity of quartz being 2*62, that of clay 
2*50, that of humus 1*3. However, the numbers quoted are the true 
specific gravities, i.e.^ they represent the weights of volumes of solid 
quartz or solid clay compared with that of an equal volume of water.. 
The “apparent specific gravities” or the weights of given volumes of 
dry soil or powdered material, compared with that of the same volume 
of water, are much lower, since there are air spaces between the par¬ 
ticles of the soil or powder. 

The apparent specific gravity of powdered quartz is found to be- 
1*449, of clay 1*011, and of humus 0*335, while that of a good arable- 
soil will usually be about 1*2, its real specific gravity being about 2*5. 
Sand is thus the heaviest of the main constituents and humus the* 
lightest. 

Sand confers friability, power of draining quickly, and good con¬ 
ductivity for heat upon a soil; it also has a low specific heat, conse¬ 
quently is soon rendered hot, and also cools quickly. 

The specific heats of various soil constituents are given in the^ 
following table :—: 



Equal -weights. 

Equal volumes. 

Water. 

1-000 

1-000 

Humus .... 

0*477 

0*587 

Clay. 

0*233 

0-568 

Calcium carbonate 

0*206 

0-561 

Quartz .... 

0*189 

0-499 


^ Vide Warington, ** The Physical Properties of Soils ; Wiley, “ Agriculturall 
Analysis,” Vol. I; and King, “ The Soil 
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The average specific heat of a dry soil is 0*20 to 0*25 (equal 
weights). 

The relative conductivities for heat are as follows :— 



Dry and light. 

Wet. 

Quartz powder 

100 

201-7 

Peat ,, 

90-7 

94*3 

Clay ,, . . 

90*7 

155-6 

Chalk 

85*2 

153-2 


The conductivity, however, becomes greater with an increase in 
the coarseness and compactness of the material, as well as with an 
increasing amount of moisture, since the bad conductivity of all powders 
is due mainly to air spaces. 

The amount of water held by the constituents varies greatly ; thus, 
100 parts by weight 

of sand were found to hold 25 parts of water 

„ clay „ „ „ „ 70 „ 

„ fine calcium carbonate „ ,, ,, „ 85 ,, „ 

„ humus „ „ „ „ 181 „ 

It should be noted that the amount of water held by any powdered 
substance varies with the fineness of its particles; very fine sand, 
for example, will hold more than twice as much water as a coarser 
sand. 

It is thus apparent that sand, which in most soils constitutes by far 
the largest ingredient, profoundly affects their relations to water and 
heat and thus their fertility. 

Clay. —This term is loosely used. Sometimes, and by the agricul¬ 
turist generally, it is employed to denote any earthy deposit which is 
free from granular matter and which possesses plasticity. In the 
mechanical analysis of soils, it is usually given to the smallest particles 
present, all with a diameter less than *002 millimetre being considered 
as clay, without reference to their chemical nature. Chemically, “ clay,” 
if it is given a definite meaning, refers to hydrated aluminium silicate, 
Al2O3.2SiO2.2H2O. 

Clay has characteristic physical properties which greatly affect any 
■soil in which it forms a large constituent. As has been already stated, 
•clay usually contains undecomposed or partially decomposed silicates, 
e.g,, felspar, containing potash, iron and lime. It thus serves as a 
source of plant food. When carefully examined, it is found to consist 
of exceedingly fine particles, which in typical clay are kaolin (AlgOg . 
2 Si 02 . 2 H 20 ), but in common clays often partly quartz, felspar, or even 
(as in marls) calcium carbonate, cemented together with a colloidal form 
of kaolin, whose particles are so small as to escape detection even 
under the microscope. This colloidal or jelly-like form of clay only 
oonstitutes about per cent of the whole, even in stiff clays, and i 
is probably more hydrated than the rest of the kaolin (Schloesing). It 
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is upon the condition of this colloidal constituent that the peculiar 
properties of clay mainly depend. If it be in a fully swollen condi¬ 
tion, the clay is sticky and impervious, whereas, if it be coagulated 
and shrunken, the clay loses its stickiness and becomes quite work¬ 
able. 

If pure clay be mixed with a large quantity of distilled water a 
muddy liquid is obtained which shows practically no sign of deposit¬ 
ing its suspended matter. By the addition of a small quantity of a 
mineral acid, of many salts, or of lime-water, coagulation of the colloidal 
clay occurs with complete separation as a flocculent precipitate. Salts 
of calcium are as good as lime-water in causing this coagulation, while 
alkaline solutions tend to favour the diffusion of the colloidal clay and 
will even destroy the flocculation produced by acids or salts.^ 

It is this action of lime or salts upon colloidal clay which causes the 
improvement in the texture of clay soils which is brought about by 
liming, also the quick settling of the clay particles when a muddy river 
flows into the sea, with the consequent production of deltas and bars. 
The waters of rivers remain muddy for a long time if deficient in lime 
compounds, while rivers containing very hard water soon clarify. The 
persistent muddiness of the waters of some rivers, even in the lower 
reaches, where the flow is very slow, is probably due to the presence 
of alkaline carbonates. Frost also produces, to some extent, the 
shrinkage and coagulation of colloidal clay. 

Clay possesses strong retentive powers both for water and for 
certain soluble substances {vide Chap. IV). 

It is to be noted that the characteristic properties of clay, especially 
its plasticity, are dependent upon its being in the hydrated condition. 
If the two molecules of water of hydration which it contains be expelled 
by exposure to a high temperature, the clay is greatly altered in pro¬ 
perties and does not, afterwards, take up water again. Such a per¬ 
manent change is familiar to everyone in the production of bricks, tiles 
and earthenware of all kinds. Advantage was formerly taken of this 
fact in the improvement of very heavy clay soils. Large quantities 
of the clay were dried by exposure to air and sun, then mixed with 
fuel—^brushwood or faggots—piled into heaps and the fuel ignited. 
The clay was, by this treatment, rendered anhydrous and any ferrous 
oxide present was converted into red ferric oxide. The resulting mass 
spread over the land and ploughed in, was found to exert a good in¬ 
fluence on the physical properties of the soil. To be of much effect, 
however, very large dressings of burnt clay were necessary—50 to 100 
tons per acre were sometimes used. The practice, because of the 
large amount of labour and expense involved, is now rarely adopted. 

Limestone.—This term in connection wdth the constituents of a 
soil, must be taken to mean the finely divided particles of calcium car¬ 
bonate, which are present, acting, perhaps, in some cases, partly as a 
cementing material to the quartz grains. As already stated, it furnishes 
plant food by virtue of the calcium, magnesium and phosphoric acid 

1 For a study of the comparative flocculating eflecfcs of various salts, acids and 
alkalies upon colloidal clay, see Hall and Morrison, Jour. Agric. Sci., 1907, 2, 24:4. 
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which are always pi'cseiil in it. Us action iii tie* soil hmviwer, ih 
more important than as a m(n*e sonrc<* ()l plant food. li acts tipoii 
the colloidal clay iii a manner alreaicly cleH<;ril)o(i ns eiiaracicriHtic*, of 
lime and other salts, and thuH modilk'S tlH» |»hyHic'4iJ text lire of tlie 
soil. Perhaps its most important ftmction. lanvevt'ix in !(» act h.h a 
weak base, with which acid products, torni(‘(l h\ decfmrpoHiiion o! the 
organic matter in the soil, can readily iinite and h> wlueh flieir 
harmful acidity is destroyed. If such basics material be abHent. the 
soil becomes “sour/' as it* is called, and unfitted for the groutli of niont 
crops. This soiirness is generally <Iue to the protlueiion of bet* oi “ 
ganic acids of the humic a<iid tyja^ and is poHsensed by maiiv peaty woils 
where the amount of organic rnatter is exceHsive. ddieiicidity in often 
a])parent in such soils hy tla^ bleaching effect they luua- h| on I hi* Hanil 
and gravel upon which they rest. In many cases all the iion, r/r., to 
which the gravels and samls owe their c.olour. is hnnal lo be \\;i"4iefl 
out by the acid drainage from the, |aatysoil.* 4'fien hIiII inoie me 
])ortant is the part played hy calcium carbonate in the process of wdr/ 
jimtion (ride (diap. IV). Honu* basic matmial is esncofial tm 
continuance of this ])rocess, and the base is most generall) found in 
the easily decom|)osai)ie carlionate of lime or magnesia, 

(jalcium carboiiatfx owing to its rejnly sohihility in water eontain 
ing dissolviHl carbon dioxide and to its tendeney to naei with other 
substanc{‘s produced in,oi’ adiled to soils, is jiaJile tuunlft r nian\ losses 
or to undergo many movenamts and eliaiiges in soils. 

It is active in tlie ebangiis wbicfi aecompaji) the jipplieafirm of 
many rnanur<*s to the soil, notably so in the r^ase nl Hulpliii-te m| am¬ 
monia. 

Humus, tlie organic matter of the Hoih is of goiit imp'ortiuiee rm 
account of both its physical and chiaiiicai propertieH. 

Ah has already becm stated, it is a light, bulk)' Hid»:Hlajief% liaving a 
high specific heat, great ca|mcity for Iioldlng wiri.er, and a dark colour. 
This last property is of consideraldr* importance hh aff* elJiig idr- 
sorption of the sun’s hiiat; dark soils are'found to bf‘corne lieati'd iiiiicli 
more readily by the mn than light-coloured ones, while tlieir ladiatiiin 
powers, by which they are cooled at night, are praef.icall> the nmiii% 
the radiation being of obscure heat, whili.^ the aliHorptinn Wim of llie 
intense radiant heat. 

Bchloesing*^ has shown that humus, or riiiber ealeJniii hiiiiiaii% in 
a colloidal body possessing greater cementing power tbiiii elii-y tri 
proportion of about Id to 1. It is thus highly iin|iorl.iiiii in mimly 
soils as a cemimting material, as well as an acrmiini of its iiower r#f 
retaining water. On the other hand, it has lM*en sliown tliiit in eliit. 
hrinmis materially lessens tfie plasticity anti eolierence. 

The chemical nature of hurnus is still v«»ry iin|M*ifert.iy kiiowr^. 

Anothiir poiHihle cxplatiation of this lileatfhtng ftflion i*i tlifit. tie 
matter draining from the peat reduces i\m ferrie rmWii |o fummn wiur h i.% 

converted first into carbonate and th#ti intn thej^olabieldf'iiflfriiifiti- |,y Hn* ? 
dioxide also abundant in the drainage wafe«r. 

*'*Oompfe. Ecmd., 74, 140S; Jour. Cheiiu Bm*., nmi. 
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Accoi'tiiu^ to Muldci’A I'roiii 2*/} to d'O por of is 

Many (•xjM'‘riiiH‘nU*rH havt* ohlaiiH*<l from tho diirk lirowi! siiliHi.uicf 
known as humus, snvcral distinct hodirs, aiiionoHf. r4lii*rs iinnm’ miti, 
iiiitfiiii, lilffiir n.r/V/, uhnin^ Wfuiv ticid and tipornior (odd : Imt liitli* 
(h'finiU;. knowhsl^c is |iosH(*sst‘d of thcchnniiitor and e-uni|iosiuoii of llirsi* 
ac.ids. 

Humic, acid was oi^taincti hy H«*inicr‘’’' by ircaiiii*^ |iral with a. 
Hc^lution of potassium c^irbonatc and pn‘cipitii,iiii *4 with b^drcadikaic 
4 mid. After repcateti purifications, an aiiaH*plious suliHiai!r.c ctirn*. 
spondin;^ in (a)iuposition to the bu'mula waso!»nuiiOi! : it hlill, 

iio\v<*vcr, contained {kI72 ja-r Cf*ni of isitro|*on. It in deH*ribid ns 
Hfdnble iii Hd(Ki parts of colti or li2o parts of btiilin *4 wa.ler, it 
rtaidens litnius, luid expels i’ai Ik» n dicmidi* from cjiibfrnaleH, ffaiMin «4 
InnnatoH wliic.h ari^ all insohiblo with the e>a*epiioM of iliie*e ctl iIk* 
alkaJies, 

The aunnonimn casnipoiind, f^ i ^ d«/ts very s.olii!)le in 
water. With cadcinm (diloride a eonipoiiud, is 

priasipitated. riinic. a<dd is sia.led hy l>elnier to hi* nleniical wilh 
humic; aciiL Hreidc; a.nd apocrenic ac‘ids are |a‘CKliicefI hy tmuhiUou of 
humic ucic!. The former is said to he found in iiioihI, soils, the liiiter 
in dry, Ickjhc ones. Hrciiic; acid is said to have the c«iy|.i..miiioii 
311 J>, apcHU'eidc aedd, (hjli j./.h. ‘f H The fre«* ludds 
arc Hciluhle in water. 

In IHH9, a study of the lilac.k hoiIh of IluHniii was piihlished li\‘ Kristvt- 
<5bcHV^ in whiedi hi* found that tlie huiuim coiitaiiicd from TO to Icfiri 
|>er cent of nitrogen, a ipiantity greatly in oxnvm of tfiiil: in tlif’origiiiiii 
vegetahli; matter from whkdi it was produced fl’h to 2 }ier creiiip 'He 
found thfit when wet vegetalde iimthT (hayi wiis itllowed to dr'cny 
under a hell jar, air lieing injected daily* the dry iriiilter corisideriiyy 
dimiiiishi*d, hut that no loss of nitrogeij wetirred, thaf ficr* 
oentage of nitrogen iiicreaHwl from I’27 to 2*CH, lit* conchiiles that 
the iiitrc.igi*n in humuH exists nminly as prriteifi |.Kwlies, v'ery litile 
bidng as amide? ; that Imlh haoteria and moulds iiid in the mmvmnmti 
of vegetable matter into humus; ihiii if flecit}‘ ocmirs hefieiitlt 
wiik*r, thi? v<*getahi*! structure is ndiiiiied and rf»siilf.s, if in air, 
all trace of sir net tire is deHtroyial l>y tlie leaves Irettig piiHsed lliroiigli 
the IskHi^h of worms, caterpillar, fjr. He states that fiiiigi iiid greiilly 
in dif4Hemiiiiitiiig humus {say from ii clem! imit) tliraiigli I lie si'iii. In 
black eartl'i the humic r^iti is almost exclusively iti coiiiliiiitilion %vitli 
lime. 

Huiido add and the soluble litimahm an* colbiihil iKxiies. Aceoid- 
in^ to (iriindfmu* humic acid and the hiiiimtim mniiiiiit* with |ilifMpltoric 
acid, lime, }j0tash, oxide of iron, or silide add to form doiihle rotn- 
pounds, which, though sohibki in ammonia, do not givi* lint nmctbtiH 
chariicterlstb of thdr comtitucriis. When soliilirins of flies#* doiihhf 
cc)m|>oiaKl» ara submitted to dialysii, di,wm|if»iticiii events and iltif iisli 

* Aiumlta, $0, t43. 

5^Laiidw. Yersuchs. Stal*, 14, f4i; lour. Chtm. 8«., liTS, fiiL, 

'hMiild®!*, Aim., 3fU, sm. 

Tlcair. Ch#m. te,, latfl, AMmim, @11, 
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ingredients pass through, the membrane entirely free from the organic 
matter. This has, to some extent, been confirmed by Simond These 
absorptive properties of humis for substances in solution, as well as 
those of clay, are of great importance in agriculture and will be con¬ 
sidered hereafter. The alleged power of humus to absorb nitrogen 
jrom the air and convert it into ammonia, described by Simon and 

• Others, is denied by Pr^vost.^ . 

Much work on the chemical nature of the organic matter of soils 
has been published recently, but a detailed account of these investiga¬ 
tions cannot be given here. 

It appears to have been demonstrated that the organic matter of 
soils, usually termed “humus,” is highly complex in constitution, that 
it is closely associated or combined with certain mineral constituents 

• of the soil, especially with portions of the potash, lime, phosphoric 
acid, sulphur and iron ; that nitrogenous compounds are invariably 
present, mainly in the form of protein-like substances,^ and that it, or 
a portion of it, is possessed of acid properties and can form compounds, 
known as humates, with bases. 

A number of substances obtained from soils have been identified' 
recently, by American investigators, especially Schreiner and Shorey, 
to some of which, e.g., clihydroxystearic acid and picolme carboxylic 
acid, powerful toxic effects upon plants are ascribed {vide Chap. IV). 
But whether these substances were actually present in what may be 
regarded as normal “ humus,” or were derived from the unchanged or 
little changed residues from the crops recently growing in the soil, 
appears to the writer to be doubtful. The same remark also applies 
to several other substances isolated by American investigators from 
soils, e.y., agroceric acid, paraffinic acid, lignoceo'ic acid, agrosterol, 
pmtosans, xanthine, fatty glycerides and resm acids. Probably, in a 
soil which had just borne a crop of mustard, a careful examination 
would disclose the presence of allyl isothiocyanate, derived from the 
plant debris. 

In fact, “ humus ” can only be regarded as a complex mixture of 
various decomposition products formed in the various stages of the 

• complicated chain of reactions attending the ultimate conversion in the 
soil, of all the organic compounds of vegetable (and animal) tissues into 
the simple compounds, carbon dioxide, water and nitrates. It has 
thus no permanent or definite chemical composition or constitution. 

' The more knowledge we can obtain as to the composition and 
functions of its various transition compounds, the better, but it is 

• evident that at any point in the process of decay, the composition of 
the substance will be highly complex and must depend largely upon 

1 Landw. Versuehs. Stat., 18, 452; Jour, Chem. Soc., 1876, 731. 

2 Jour. Chem. Soc., 1881, Abstracts, 371. 

^Suzuki (Bull. Coll. Agric., ToMo, 1907, 7, 513; Jour. Chem. Soc., 1908, ii. 
Abstracts, 127) obtained, by the action of strong hydrochloric acid on humus, various 
. amino-acids, characteristic of the products of hydrolysis of proteids, e.g., alanine, 
leucine, amino-valeric acid, aspartic acid, histidine and tyrosine. Schreiner and 
Bhorey (Jour. Biol. Chem., 1910, 8, 381) also separated various cleavage products 

• of protein from soils. 
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the nature of the original organic material from which it has beeni 
'derived. 

Classification of Soils. 

Soils are usually divided by practical agriculturists into— 

Sandy soils, containing less than 6 per cent clay and less tha;.^! 
3 per cent calcium carbonate. 

Loams, containing from 6 per cent to 15 per cent clay and less^ 
than 3 per cent calcium carbonate. 

Clay soils, containing from 15 per cent to 25 per cent clay and less^ 
than 3 per cent calcium carbonate. 

Marls, containing from 5 per cent to 20 per cent calcium carbonate^ 
the rest mainly silt and clay. 

Calcareous soils, containing more than 20 per cent calcium carbonate- 

Leaty or liumic soils, containing more than 20 per cent of humus- 

The terms “ sand ” and “ clay” are here to be understood in their 
usual practical sense, Le., sand refers to granular fragments, consisting 
chiefly of silica, but also including some felspar, mica and other sili¬ 
cates ; clay refers to the ^dastic material, consisting mainly of hydrated 
aluminium silicate, but including also finely divided felspar, mica and 
even silica. Soils intermediate in character to those mentioned above,, 
are known by names which are self explanatory, e.g., sandy loam, clay 
loam, calcareous sand. 

The Colour of a Soil depends mainly upon the amount of humu® 
and of oxide of iron which it contains and upon the quantity of mois¬ 
ture present. Organic matter tends to produce a black colour when 
moist and a grey when dry. Oxide of iron gives a yellow or reddish 
tint, which, however, varies with the state of hydration; if a soil is; 
poor in organic matter and very porous, as is the case with sandy 
soils, although a large amount of iron may be present, the colour will 
not be a rich red but yellow, the iron being probably present in the 
state of limonite, 2 ^ 6 ^ 03 .SH^O. The rich red, usually taken as a sign 
of fertility, is produced when both oxide of iron and a considerable 
quantity of organic matter, and consequently moisture, are present- 
^ The oxide of iron, present as hcematite, FcgOs, in such cases, probably 
acts as a carrier of oxygen from the air to the humus and so favours its. 
decay, even in the presence of an .amount of moisture which would 
interfere with direct oxidation by the air. 

The Odour of Soil.—When soil is moistened a peculiar odour is- 
evolved. The cause of this was investigated by Berthelot and Andr6 
in 1891.^ They found it to be due to a volatile substance which they 
were not able to isolate, blit obtained in aqueous solution by distilla¬ 
tion with water. It possesses the peculiar odour of moistened soil, is. 
not an acid nor an alkali, does not reduce ammoniacal silver nitrate, and 
therefore is not an aldehyde; with potassium carbonate it gives a pre¬ 
cipitate, and with potash and iodine it yields iodoform. Its amount is. 

i Compt. Bend., 112, 698; Jour. Chem. Soc., 1891, Abstracts, 868. 
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extremely\small. According to Berthelot and AndiA^ clay soils kept 
in a moist\ state slowly lose nitrogen by the evolution of volatile nitro¬ 
gen compounds; they also state that soils contain two classes of 
nitrogenous organic compounds, distinguished by their different rate of 
decomposition with cold potash solution. 

^ Compt. Rend., 112,195 ; Jour. Chem. Soc., 1891, Abstracts, 611. 




CHAPTER IV. 


The Reactions Occubbing in Soils. 

The cliemical changes occurring in a soil are numerous and complex. 
To acquire a general knowledge of their nature and direction is diffi.- 
•cult, especially as they are greatly influenced by circumstances, e.g,, 
temperature, strength of the solution with which the soil is moistened, 
iree or difficult access of air, and a number of other constantly 
varying conditions. It is therefore only possible to indicate some of 
the actions which take place and to describe, to some extent, the effect 
•thereon of variations in conditions. 

CHANGES IN THE INORGANIC MATTER.—The inorganic 
portion of the soil is subjected to the same actions of the air and water 
as gave rise to its formation from the original rock and which have 
been already considered. It is to be noted, however, that the changes 
probably proceed at an accelerated rate because of the larger quantity 
of carbon dioxide provided by the decomposing organic matter of the 
soil. Fragments of felspar, mica and other minerals are thus exposed 
to the action of air and of water rich in carbonic acid. Their disinte¬ 
gration and the solution of the potash, lime and magnesia which they 
contain thus proceed rapidly. 

The reactions which occur are probably of a type which may be 
thus represented:— 

Al^Og.X^O.eSiOg+CO, lOH^O 

Orthoclase. 

= Al 203 . 2 Si 02 . 2 H 20 + K 2 CO 3 + 

Kaolin. Potassium carbonate. Silicic acid. 

Also— 

Ca(HC 03)2 -f Al203.K20.6Si02 + 9 H 2 O 
= Al 2 O 3 . 2 SiO 2 . 2 H 2 O + CaG 03 + KgOOg-f 4H4Si04, 

—the CaCOg acting as a carrier of CO,; or if lime or magnesia be 
present, as in anorthite, proportionately more carbon dioxide is 
required:— 

AlA-lCaO : MgO)2Si02 4- 2 CO 2 + 3 H 2 O 
Anorthite. 

= (Ca:Mg)(HC 03)2 + Al 2 O 3 . 28 iO 2 . 2 H 2 O 
Bicarbonate of lime or magnesia. Kaolin. 

The calcium carbonate present in the soil also becomes soluble— 
0 aC 03 -f H 2 O + CO 2 = Ca(HC 03)2 

—and is either absorbed by the plant or carried away in the drainage 
water. 
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Exactly how the phosphoric acid exists in the rocks and minerals 
forming a soil, it is difficult to determine. According to Barrett ^ the 
only stable form for the phosphoric acid in soils is hydroxy apatite, 
(Ca3P208)3Ca(0H)5^. A portion probably occurs as calcium phosphate, 
CagPgOg, and undergoes a change thus :— 

CagPyOg + 2CO2 + 2H2O = 2 CaHPb 4 | CJa(HC03)2. 

The monohydrogen calcium phosphate, CaHP 04 , being slightly 
soluble in water, is available to plants.^ It is possible, too, that the 
solution of calcium bicarbonate thus formed, together with that fur¬ 
nished by the calcium carbonate in the soil, may react upon such sili¬ 
cates as orthoclase and liberate their potash as carbonate, the lime 
uniting with the other constituents of the mineral:— 

AiPg.K^O.eSiOa + Ca(HC 03 ) 2 -Al 203 .Ca 0 . 6 Si 02 + 2 KHCO 3 . 

The soluble potassium salt is then either absorbed by the roots of 
the crop growing on the soil or held in a weak state of combination by 
the hydrated silicates present. 

The substances which become soluble owing to the action of water, 
carbon dioxide and other reagents in a soil are not necessarily washed 
out of the soil by the drainage. The chlorides, sulphates, carbonates, 
and, perhaps, to a less extent the silicates, especially of lime and soda, 
are in great measure thus removed, the only action interfering with 
their complete removal being apparently the surface attraction exerted 
by the particles of the soil, an action similar to that exerted by 
charcoal towards salts in solution. 

Absorption and Retention by Soils.—With the potassium and 
ammonium salts and with phosphoric acid, however, the case is very 
different. In addition to the physical absorption or adhesion alluded 
to (adsorption), there is a chemical retention exerted by certain consti¬ 
tuents of soils for these substances. It can be shown hj direct experi¬ 
ment that dilute solutions of potassium or ammonium salts or of 
phosphates, if filtered through a sufficiently thick layer of soil, are 
robbed of some of their constituents. In most cases the acids of the 
ammonium or potassium salts are found in the filtrate in combination 
with calcium. 

This retentive power is apparently to be attributed mainly to the 
presence of hydrated silicates analogous ita composition to the crystal¬ 
line minerals known as zeolites (so called from their frothing, due to 
evolution of steam, when heated on platinum wire in the blow-pipe 
flame). It is, however, extremely unlikely that fragments of such 
minerals should exist in the soil, as they are, as a rule, easily decom¬ 
posable and not very abundant in rocks. It seems more probable that 
the retentive substances are transition bodies produced in the weathering 

^ Jour. Chem. Soc., 1917, Trans., 620. 

2 In the presence of ferric hydrate, often present in soils, the phosphoric acid 
of tricalcium phosphate is, by prolonged action of carbon dioxide and water, con¬ 
verted into ferric phosphate, the lime being removed as carbonate.—G. v. Georgie- 
vics. Jour. Soc. Ghem. Ind., 1892, 254. 
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of such silicates as felspar and. mica, and consequently that they 
are not permanent ingredients in the soil and are present, not in a 
crystalline, but in an amorphous state. 

The phenomenon of the retention of certain substances by soils 
was noticed by Bronner in 1836. It was investigated in 1850 by 
Way,^ by Peters in 1860, by Knop in 1868, by Armsby in 1877,- and 
by Van Bemmelen in 1878.^ 

It is found that when salts are applied to the soil, there is a re¬ 
placement of one base by another (lime or soda from the hydrated 
double silicate), and that the absorbed oxide is only slightly soluble in 
water, more soluble in water containing carbon dioxide, and easily 
soluble in hydrochloric acid. The absorbed oxide can be re-ex¬ 
changed by treating the soil with a solution of a salt of another 
metal. Alkaline hydroxides, carbonates and phosphates are absorbed 
without any replacement. That the zeolitic silicates are the main 
agents in effecting this absorption is said to be proved by— 

1 . Soils' richest in silicates soluble in hydrochloric acid, have the 
greatest absorptive power. 

2 . Soils treated with strong hydrochloric acid, which decomposes 
the basic zeolites, possess practically no absorptive power for salts, 
though they will still absorb, without exchange of metals, alkaline car¬ 
bonates and hydrates. 

3. Powdered natural zeolites, e.g., chabazite, a hydrated silicate 
*of alumina, lime and potash, have been shown to possess the power 
ot readily exchanging their lime for other bases when treated with 
saline solutions. 

The exact nature of the reactions by which the bases are retained 
has not been determined, especially as the composition of' the zeolitic 
silicates in the soil is unknown. Assuming these substances to be 
.analogous in composition to a mineral, stilhite, the change with 
potassium sulphate would be thus represented:— 

Al203.Ca0.6Si025H20 -i- K^SO^ = AlAr^gO-bSiOo-bSHaO. + CaSO^. 

This reaction would in no "case go to completion as represented, but 
equilibrium would be attained when the solution contained a certain 
ratio of calcium sulphate to potassium suphate.^ 

Hall and Gimingham ^ in 1907, investigated the retention of am¬ 
monium salts by clay and humus of soils. They found, too, that the 
reaction was one of double decomposition and that an equivalent to 
ithe ammonium withdrawn, of ' calcium, magnesium, potassium, or 
sodium from the zeolitic double silicates of the clay, or of calcium 
from calcium humate, went into solution. In no case was there 
.any evidence of the formation of free acid. 

Perric hydrate and aluminium hydrate or hydrated basic carbon¬ 
ates of these metals are also present in some soils and have the power 
of retaining potash, lime and ammonia, and, to a still greater extent, 

1 Jour. Boy. Agric. Soc., 1850, 313. ^ Amer. Jour. Soi., 14, 25. 

^^Landw. Versuchs. St3at., 21,136; Jour. Chem. Soc., 1873, Abstracts, 598. 

* See Appendix to this chapter for further explanation of such reactions. 

^ Jour. Chem. Soo., 1907, Trans., 677. 
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Iphosphorie acid (see footnote (‘^) on page 61). The bases, however, are 
^absorbed without replacement and can be removed by prolonged wash¬ 
ing with water. The absorption may possibly be due to the weak 
acidic properties possessed by ferric oxide and alumina, leading to the 
formation of salt-like compounds analogous to spinel, MgO.AlgO^. 

It must be remembered that complete absorption never occurs, 
but that a small proportion of the substance always remains in the 
^solution. 

The humus in a soil also possesses, in a high degree, the physical 
retentive power of all porous, bulky substances, and in addition it acts 
as an acid and forms insoluble humates with lime, magnesia, etc. It 
possesses great absorbent powers for ammonia. Whenever a soluble 
salt, particularly of a strong acid, is applied to a soil, interchange of 
base occurs to some extent; thus, even sodium nitrate or chloride will 
cause the formation of potassium or calcium nitrate or chloride by 
interaction with the silicates of those metals present in the soil. 

Phosphoric acid is mainly retained by the uppermost layers of the 
•soil, especially if it be applied in the form of superphosphates; with 
<lung, some of the phosphoric acid is carried into the second or 
even the third 9 in. With potash, although the uppermost 9 in. 
contains the largest quantity of the unused fertiliser, a,considerable 
amount penetrates to, and is retained by, the second and third 
:9 in.i 

The Distribution of Dissolved Matters in a soil is regulated 
partly by diffusion, i.e., motion of the dissolved substances without 
that of the water as a whole, and partly by motion of the liquid 
Itself. 

1. Diffusion is the phenomenon in which a dissolved substance 
passes from a greater to a less concentrated portion of the sol¬ 
vent. It is shown in different degrees by different substances. 
Colloidal bodies have the slowest rate of diffusion. The diffusi- 
bility of a salt depends partly on its acid and partly on its metal. The 
-common acids and metals stand in the following order, starting with 
the most diffusible :— 

Acid radicals. Metals. 

Chloride Potassium 

Niti'ate Ammonium 

Sulphate Sodium 

Carbonate Calcium 

Magnesium 

Diffusion is, under any circumstances, a slow process and has been 
shown by the experiments of Miintz and Gaudechon ^ to lead to very 
little lateral movement of soluble manures in soils. A crystal of 
3 odium nitrate, placed on the surface of wet soil, dissolved, but dif¬ 
fusion did not carry the dissolved salt laterally or vertically more than 
1 in. in thirty days. Even after rain, the soluble salt was confined 
Tfco a steep-sided vertical cone of soil, below the crystal. 

^ Dyer, Proc. Boy. Soc., 1901,11. 

^Compt. Bend., 1909, 148, 253; Jour. Cliem. Soc., 1909, Abstracts, ii. 259. 
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By similar reasoning it can be shown that the pressure exerted by 
a convex surface is greater than that of a plane one. 

In a soil, the movements of water, though due to similar causes 
{viz., surface pressure) as those which give rise to capillarity, are 
mainly effected in quite a different manner. 

In many textbooks, it is said that the rise of water in a soil is 
effected by capillary tubes existing in the soil. This is, in the writer’s 
opinion, k-roneous, for nothing analogous to tubes filled with water 
exists in a fertile soil except, perhaps, in the interstices of compound 
particles (clods) made up of very small particles cemented together. 
In no case, probably, can these capillary tubes be of any great len^h. 
The particles of a soil rest upon each other, leaving interspaces, which, 
if the soil is to be fertile, must be filled with air. The water present 
in a soil exists mainly in the form of thin films surrounding the par¬ 
ticles, but not filling the interspaces. 

The rise is chiefly due to the movement of the water in these films, 
and is greatly facilitated and influenced by changes in the forms of the 
free surfaces of the water. 

Let two spherical particles of soil, each coated with its thin film of 
liquid water, be brought into contact. At the point of contact the 
water films will have a concave surface, and the surface pressure will 
consequently be less there than on the convex surface surrounding the 
particles; consequently the water will move from the films around the 
particles until the curvature of the concave surface becomes less, and 
consequently the surface pressure there becomes greater. The water 
will thus tend to accumulate around the points of contact of the soil 
particles, being beld there by a surface-pressure effect similar to that 
which causes the rise of water in a narrow tube. 


If a number of particles all wetted with water are in contact, and 
some of them lose water by evaporation or root absorption, the con¬ 
cave curvature of the surfaces of water at their points of contact will 
become greater, and thus the surface pressure will be locally decreased. 
Consequently, water will be forced from the wetter particles where the 
concavity of the surface is less, and where, therefore, the surface pres¬ 
sure is greater (see Fig. 3). 



Tig. 3.—Motion of water on soil particles. 


Thus water moves always 
towards the portion possessing 
the greatest concavity of sur¬ 
face until equilibrium is at¬ 
tained with gravitation or other 
force acting upon it. 

The motion due to this 
cause may be upward, down¬ 
ward, or lateral; but since the 


greatest loss usually occurs at or near the surface, and the supply of 
water—the water table—is below, the upward movement is generally 
the most important. 


In irrigation, the lateral movement is often important, and in an 
already moistened soil, subsequent water, e.g., rain, is carried down¬ 


wards, partly by this action, though mainly, perhaps, by gravitation. 
Fig. 4 represents, in a diagrammatic manner, the constitution of a 
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soil under normal conditions. The particles of sand, etc., are represented 
by the shaded areas, the water present as films around the particles by 
black lines, the air spaces in the interstices of the soil, by white areas. 
Compound particles or small clods are indicated by a difference in the 
shading, and in these compound particles the interstices probably are 
sometimes completely filled with water, which, in the may 

exhibit true capillary phenomena. The water table, i.e., the surface 
below which all the interstices of the soil are filled with water, is near 
the bottom of the diagram, and the thickness of the water films sur¬ 
rounding the soil particles gradually diminishes towards the actual 
surface of the soil. 

The lessening of loss of water hy stirring the u^Dper layers of soil, as 



Fig. 4.—Diagrammatic section of soil. 

in '‘mulching,” is achieved, not, as is so often stated, by “breaking the 
capillary tubes,” which we have seen do not play an important part, 
but by disturbing the continuity of contact between moistened par¬ 
ticles. 

When some of the dry particles from the surface are turned under, 
the upward motion of the soil-water is interrupted, since, before the 
concave surfaces of liquid at the points of contact of the soil particles 
can be established, the dry particles have to receive a liquid film. The 
wetting of a dry particle can only be effected by a slow, creeping move¬ 
ment of water, and is not aided by the effect of the concave surfaces 
as described. 

"While stirring the surface of a soil in dry weather increases for a 
time the rate of evaporation, the total loss of water may be greatly 
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diminished owing to dry particles of soil impeding the -upward flow 
of water by abolishing, for a time, the concave surfaces of the water 
films at the points of contact of the soil particles which are so power¬ 
ful in producing the movement. 

The rise of water in a soil from below is usually attended with 
beneficial results—the maintenance of sufficient moisture for the needs 
of \plants in the surface soil and the concentration of the very dilute 
solution of plant food—but, in some cases, it produces disastrous effects. 
Where little or no drainage occurs, the continual passage downwards 
of rain-water and its subsequent rise and evaporation from the surface, 
may lead to the eventual charging of the surface soil with so much saline 
matter, dissolved out of the soil, that the growth of plants is prevented. 
We thus get “ brakor “ alkali ” soils. 

This motion, as already -stated, takes place in any direction, and 
may be either helped or hindered by gravitation. If, however, the in¬ 
terstices of a soil be completely filled with water, surface pressure within 
the soil becomes zero and gravitation alone, acts on the water. 

Whitney has shown d that nearly all dissolved mineral sub¬ 
stances increase the surface pressure, while organic bodies and ammonia 
diminish it. 

(b) Gravitation. —This, of course, always acts in the same direc¬ 
tion, and, as has been shown, is the only force acting on the water 
in a fully saturated soil. It greatly affects distribution of dissolved 
substances, though its tendency to cause the liquid to sink in the soil 
is, in many cases, overcome by the surface pressure phenomenon above 
described. 

As a rule, the motions of the water in a soil caused by the two 
agencies just described, overpower the diffusive tendencies of the sub¬ 
stances in solution. Thus, in dry weather, the water from the subsoil 
is brought up to the soil by the surface tension effect. Evaporation 
and consequent concentration of the solution takes place, and the dif¬ 
fusive powers of the dissolved substances would tend to move them 
downwards to the weaker solution in the subsoil. This they un¬ 
doubtedly do to some extent, but not as rapidly as the liquid moves 
upwards. The net result thus is, that, in dry weather, the solution of 
plant food in the upper layers may be more concentrated than that in 
the subsoil. The roots of plants are probably, therefore, often bathed 
in a solution of plant food much richer in dissolved matters than is the 
drainage water from the same soil. For description of the methods by 
which plants obtain their food from the soil, see Chap. XI. 

Soil Pans —Under certain conditions the productiveness of a 
soil becomes seriously impaired by the formation of a hard, impervious 
layer, generally between the soil proper and the subsoil. Such forma¬ 
tions are known as pans They are produced by mechanical or 
chemical processes. 

A so-called '^plough pan may result from repeated ploughing to 
the same depth, year after year, especially on heavy land. In this 

^ Weather Bureau, U.S.A., Bulletin No. 4, 13. 
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case, the sliding of the base of the plough-share, together with the 
treading of horses and ploughmen in the furrows, so consolidates the 
top layer of the clayey subsoil as to render it impervious. 

When the subsoil is rich in calcium carbonate a “ lime pan ” may 
form, owing to solution of this compound in water containing carbon 
dioxide and the re-deposition, when the carbon dioxide escapes into 
the air, of the carbonate of lime. 

Soils containing much organic matter and resting on a subsoil rich 
in iron compounds, sometimes form what is known as an “ iron pan,” 
some little distance below the surface. The iron compounds, being 
reduced to the ferrous condition by the organic matter, dissolve as 
ferrous bicarbonate in the water of the soil; the solution on exposure 
to air, absorbs oxygen and deposits its iron as ferric oxide or basic ferric 
carbonate, forming an incrustation in the soil. Such iron pans are 
often very hard. 

“ Pans ” of any kind are very objectionable and greatly diminish 
fertility. They interfere with drainage and with the rise of water from 
below, as well as proving impassable to roots. It is, therefore, neces¬ 
sary to break them up by subsoil ploughs or other mechanical means. 

CHANGES IN THE ORGANIC MATTE R.-—Important as the 

complex and little-known changes which affect the inorganic portions of 
soils undoubtedly are, quite as much interest and perhaps more fruitful 
labour have been directed to the study of the changes undergone by 
the carbonaceous and nitrogenous constituents. The organic matter in 
a soil is continually undergoing alteration, attended by the absorption 
of oxygen, and the consequent evolution of heat. This heat emission 
becomes greater when farm-yard manure is applied to land, and in 
some cases has been sufficient to raise the temperature of the soil 1° or 
2° C. (Wagner). The air in the interstices of a soil is always poorer 
in oxygen and much richer in carbon dioxide than the air above it. 

It is by changes of this kind that humus is produced from vege¬ 
table fibre {vide p. 56). Other organic acids are also formed by oxida¬ 
tion of vegetable matter, and if the soil be deficient in basic materials 
these acids may exert a baneful influence (as in so-called '^sour” 
land). 

Humus itself is not a permanent substance, but is continually being 
oxidised and broken down in a soil, a portion of its carbon being 
evolved as carbon dioxide, while its nitrogen passes eventually into the 
form of nitrates. 

Biology of the Soil. —These chemical changes are brought about 
chiefly through the life processes of minute organisms existing in the 
soil. An ordinary soil is teeming with living beings, the majority of 
which belong to those lowest forms of life—^bacteria, but other organ¬ 
isms, yeasts, moulds', algae, larger fungi, protozoa and amoebae are also 
present. 

These are engaged in a perpetual struggle for existence and 
whenever the circumstances become favourable, are busily engaged in 
carrying on the chemical changes in the organic matter essential to 
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their growth. In some cases, the processes of one set of organisms 
are favourable to those of others, while in others they are inimical and 
a fierce battle for supremacy may be going on. 

It would be out of place to attempt to give here any detailed ac¬ 
count of the micro-organisms of soil, or any reference to the methods 
used in investigating their nature and functions. Such matters belong 
to the domain of biology and bacteriology, subjects which now have 
extensive literatures of their own. 

But the influence of the micro-organisms in a soil upon fertility is 
of great importance and it is advisable to consider the character of the 
chemical changes which are induced by their life processes and to pay 
some attention to the circumstances which affect their activity. 

The organisms concerned consist chiefly of protozoa and amoebae 
(belonging to the animal kingdom), fungi, including moulds and yeast, 
bacteria and algae. 

Protozoa and amoebae, according to Russell and Hutchinson ^ are 
always present in soils and live on bacteria, thus keeping down the 
numbers of the latter. The fertility of a soil, according to this theory, 
depends mainly upon the number of ammonia-producing bacteria 
present, and this, in turn, depends upon the activity of the protozoa and 
amoebae for which the bacteria serve as food. Any cause, e.g., sterili¬ 
sation by heat or by antiseptics, which destroys or diminishes the 
number of the protozoa,, enables the bacteria to increase rapidly and 
thus to accelerate the production of ammonia from the nitrogenous or¬ 
ganic matter of the soil. The investigators found that in a Rothamsted 
soil containing about 7,000,000 micro-organisms per gramme, heating 
reduced the number to about 400 per gramme, but after moistening 
and keeping for four days, the bacteria became as numerous as ever, 
and in a few more days became far more numerous than they were 
originally. At the same time, the rate of ammonia production in the 
soil enormously increased, though the conversion of ammonia into 
nitrites and nitrates practically ceased. 

The enhanced fertility of soils induced by sterilisation is therefore 
due to the destruction of protozoa and amoebae and the survival (doubt¬ 
less due to spore formation) of the ammonia-producing bacteria, which, 
when again placed under conditions suited to active growth, increase 
at an enormous rate, being freed from the destructive influence of the 
protozoa, which in the original soil limited their number. 

The fungi and yeasts act upon certain kinds of organic matter in 
the soil, the former using this material to build up their own structure 
and then, by their decay, leaving again a residue, which in many 
cases, appears to be more susceptible to nitrification than the original. 
It is to such an action of a fungus, spreading outwards from a start¬ 
ing point, that the existence of those richer coloured and more 
luxuriant circles of grass in pasture fields, known as “fairy rings,'*, 
is due.^ 

The vital processes, too, of many of the moulds appear to be con- 
^lour. Agrie. Sci., 1909, 3, 111. 

^Lawes, Gilbert and Warington, Jour. Chem. Soc., 1883, Trans., 208. 
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nected with important changes in nitrogenous organic matter {e.g., the 
formation of ammonium carbonate from proteids). 

But most interesting, perhaps, are the minutest forms of life known 
as bacteria. These bodies are of various external forms and are often 
classified into some four or five groups according to their characteristic 
appearance. Thus there are hacilU or rod-like, spirilla or corkscrew¬ 
like, micrococci or spherical, organisms. Their size is very minute, be¬ 
ing about ^ millimetre in diameter and rarely exceeding YiiVo 

of a millimetre in length. Bacteria multiply by simple fission, but 
many forms have the power, at intervals, of reproducing themselves in 
another manner, viz.^ by spore formation. Spores are resting states 
of existence and can resist treatment which would, at once, kill the 
active form of the bacterium. For example, they may be dried and 
some even heated to 100° C. without destroying their power of germin¬ 
ating under favourable conditions. 

Ordinary soils contain large numbers of different bacteria, some 
fulfilling useful functions in agriculture, some being destructive to plant, 
food, and some highly injurious to animal life if they once gain ad¬ 
mission to the proper portion of their victims {s.g., the bacterium of 
tetanus or lock-jaw). 

Of organisms possessing the power of converting organic nitrogen¬ 
ous substances into ammonium compounds, a considerable number is 
known, some being moulds (active especially where the quantity of 
organic matter is large), while others are bacilli, e.g, B. mycoides and 
B. flnorescens, and micrococci, e.g., Micrococctos urcce. 

Nitrification. —Of organisms capable of effecting the oxidation of 
ammonia to nitrous acid there appears to be possibly more than one, 
but according to Winogradski only one is usually present in any par¬ 
ticular soil. 

The pure nitrous organism is described by Warington^ as consist¬ 
ing Of two forms of micrococcus. One form is nearly spherical in 
shape and varies in diameter from the very minute up to 1 micromilli¬ 
metre (*001 mm.). The other is oval shaped and larger, its greatest 
length being more than ‘001 millimetre. 

The nitric organism isolated by Winogradski in 1890 is of very 
minute size, consisting of rods not more than *0005 millimetre in 
length and from *00017 to *00025 millimetre in thickness. 

The conversion of nitrogen existing as organic matter or ammonium 
compounds into nitric acid, is a most important one and has received 
an immense amount of attention of late years. It is known as 
nitrification and is effected, as indeed are probably all the changes 
of organic matter, through the action of micro-organisms. 

The process of nitrification is an extremely important one, since in 
the case of the majority of plants, it is mainly in the form of nitrates 
that nitrogen is assimilated. The organic nitrogenous matter existing 
in the soil is present in various forms, which appear to differ in their 
susceptibility of undergoing nitrification and also in their behaviour 

^ Jour. Chem, Soc., 1891, Trans., 484. 
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towards alkali(‘s and ac'.idsd All animal und i, 4 || 

combined nitro/^^en, |irf»l)a.}dy tnand^ in tin* tmin # i -.njr lani'^-s ^ 

as these uiuhir^^o jiiifrefartaai in ?ht'and |j*’rfnf «• 
humus, carbon dicaxidn is «‘Vfihi-d. and ila-nihry-in i, imanbl’^ ern/ 
verted into bodies ot siin[»liT enn^.minmin amnb* . .jifiJUMini m i*'ii|«if|, 
ate, and in sona* cases free mhn^n-ji. A^ ban h#-».n 'ibiM.h. bun?t li^ 
formdn whicli nili'(#|L,'eij iiee.tiJ'-H m Iniiniis n* n,a Lijunii ’ |i |»i/ib'Jd\ 
exists mainly as sornewliai. romplex cfaiiyoiindp, mI,-\ yaidi f4 iiJ 
amide character, (a- as anniifeaeidH.'* hnf r4 ihin L'j ita b-dd,. d- 

been acfjuired. Thosp fjr-%'tnir eM!n|,,,nifd^-m,- pn ;| ;ibn, let 
in the soil, yieldirij^ lirst. aminfMoum riaii|-.niiip|H^ 

I Nil, 


tfXlb 


i'iK 

*n* \i^i 


i Iff) 

Oarhaiuirle (en-fij. Win»-r. t -lyl 

In this case. I.hf‘ afiiiiicaiia utnl v^hIh*!- ni 

water, would yiebi aiiuiioiiiiiin iMl 'ii I'l,.' rli. 

takfiH placid very rfailih uih ix hIimwi, In fh.- ..mHI .,7. 

bonak; in Kkibl<'S, rlr.) jiiiii n. ns hU jnniainliii . ,,i .)< j n 

fluencfi of a iiiioni-or^fiiiiiHin. i,, ,. 

by Miint/, and ('ondoii. and t-.jw.ci;ilij In Miu.-fMl » u i, 
different baotffia iiiiil innulds iue ,,i i)„ 1 ,,-,.^ i« 

the nitrof(eti of aibnniiri inn. Hintu.nti:!. M..jd.K .j-,Vi.il'll 

portion of the work in (Ik* of minmn- in-u|,^ v,.j 
but in ordinary unihl.. baeo-na, .4 - 

appeat-H to be t.lie niont importani. pi,',J„n,in..!. 'I J,. I.aei.-niin, 
just named m very vvideh ili‘.i(ibs)ie)l and e.ne.iati'ii uvr\t . ni liifi.-- 
sods, in the air and in nntnial h. fn d.-emo!iliminm 

Trtvum'*''^ funrnoniinn eaibr.inue with H»miJl .ji. ...mj,.,, l.eim, ’ 
HGOOif, propionu;, ( .,H.( ami luiHtie ai j.}., ( H t'linil X.i 

hydrof.en nor nitrogen in in tbe fi.... ^.a<. "if n-.inn... 

presence of oxy»eii, or if nitna.-n b- pri-Ht-ni tin f„ 

intn es or even uinuionia. |,. aebon ne;uh ...a...-, a 
greatest about DO'C., and :Hfo,« a! Pi f. ..jl,., ndn.e.., 

OU8 OTganic eoinpoimdH. r,v„ loim,,,,.. {•{! , (( || , JdbXH , /’( « !l 
tyrosine. MO. .<H, .rJliNH.,;.(<„,fi. .-o;,,,,: ( li's ,, I 

asparagine, l,„l „f,j ^ ’ ’ 

m^tei of the w.il UKimlly .jun-klv oxidise iigain hi,,!,.,- ih. ndlm-iH-e oi 

nitritraKlIa'llv Tf‘' HV »««!»*'< « 

.. .. 

(ii) *’=:; allSff, 

2 CJ^wpt. liitfid., 4 11, 

the Ciw '* d«Hvi.rl lr„m an w^nniv a, ,4 In t it- »«.t.lan!«ii«'nl < I 

‘“aLiTrs:: r “fi- rX” f 
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Thene chan^^es, efTc-ctod by the oxy^m of thi* iiir, wvrr Hlumti m 
1877 by SchloeHing and lliintz ^ to lie prodtioyd onl) tiwhr tii- 
flue nee of micro-ori^aniHinH. Since then the Hu!jj»''et lia.H r;!.if‘liill\ 
studied by Winogradski, Dcdierain. Warin^ton, bnuikland aiel 
others. 

The geiieral conclusiotis arrived at may be ?^tated an lullitw i 
1. The nitrogen of orgatuc matter and hmnnH is re inverted iiil«» 
nitrates by passing through the intmanediate stages of aininniiitniMSfiii 
pounds and nitrites, the succf'SHive stepH being life unik oi dilteieni 
organisms. Karerer,- however, statics titat some soils eonfain an oi 
ganisrn, liaciUm nitmiar, which eaui, in one fipenttion, etfeel the 
conversion of arnrnoniacal nitrogmi into nitrates, d1se |uoflne|joii i»l 
ammonium compounds may la* brought about by *|Uite a nmiilii'i of 
bacteria and moulds, but the cdiange’sof nitrogen from the hliUe of aiu 
monia to a nitrite* and from a nitriti* to a nitrate are eaeli apparefilli 
the work of only one pjuiicular organism calbsl In W iiiogiad^^ki, 
Nitr<mn-moiuiH \m(l Nltnmf-mrrifH, capable ordy of JdlVeting the ion 

of arnrnonia to a nitrite, and Sitni-hdrtrr, capable onI\ of convert mg 
nitrite*s into niti'ates. Tlie simpler UmiH nifndtH urtnuiddH iof wbicli 
possilily two or more s]a'(des exist) and tulrir Used In 

Warington, are fafuaJly distinctivi*. 

The change from oi’ganic nitrogen to anirnoniacal nifrogcii m always 
accom]janied by oxidation of carbomiceons matter and lie* coiiHrspieiii 
production of carbon dioxidf% the formation of wfiicli piob*i.bl\ 'iupplifs 
the enf*rgy n(*c(*Ksary for the reaettion. 

Till* othei' two stagf*s of the reactiem, amiiionuu’al mliogeii in 
nitrites and nitrites to nitrates, arc* tlif'mselveH prortf^sHCHfif oxiibition arid 
are consecjuently Hources of en(*rgy. It is found that both lh«» ijiltoie* 
and the nitric organisms can eOeet their work in Hidniioiis free from 
organic matter and assimilate the carbon which they ref|uire for tbiui 
grow'th from carbonates (VVirtognulski) or carbon dioxiile^'^ and witlifiut 
the aid of sunlight. Wiriogradski fouiui that on the average dd pari-* 
ot nitrogen were oxidisral for eacdi pitrt of <*arbon aHHiiniiiiteil from car¬ 
bonates. The necessary imeu’gy for ibis aHHimifation of ruirboti 11110-4 
be derived from the oxidation of the nitrogen. The fmidiilroii of am 
mdnm to a nitrite evolves about four tiinen an muc.h h*nii ii-Hlfii* miidii- 
tion of the nitrite to a nitrate. Mviui the latter procenn evoha’H iimre 
heat than is necessary to acaiount for the enmgy reephred m f lie pen 
merits of Winogradslii, b parts of nitrogen m nitriti* oxidiw^d to oftraie 
yielding sufficient energy to allow of I part of earlifiu being coiivtuled 
from carbon dioxide into cellulose.^ 

2. itrification can only occur under favourable 
The main essentials arre 

{d} ndtieral Hutmtances, i-mrticiiliirlv imtimlt. 

lime, s\d])hates and phosphates, imiHt be |>reHent. and ciirboii flm^irle 
also essential. Organic matter is not necesHary for eiilier llie inlrmtH 

Conipt. licrid.. H4, HOI ; Jntir. VAum, |4f7, -kUr.. 

‘'‘Jour. Chern. Bck-., IUOT. AbniriM^iH. in :iHr, 

Godlewski, Jrmr. CTiruu. iHUli, U, 

Waruigkai, Jour. C‘liein. imi, Tmm,, kit. 
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or nitric cnKainsni 


rilK nr*t'l ltlM\u l\ MtILs. 


IV. 



Arnninniuni r*iHi|ir»iriitiH ;i|i|H%ir If? ii** njn^.! fji.silv 

itrlfied but thi^ l>iii-'- nitrous i.raiuiiMii can ai.iiiiirni!) aitai-k c..|!uii, 

omanic nitrofrunous bodios. /w„ aspara-inc, .-as,- hi. un-u 

^ (f] The prearnir of d m lirjff'r lu voiulnit*' wiih iln* 

nitrous tuul nitric, lund. Tb-' u.cinnn in %vh,cli the ,,i.,c.'.s urs 

j bf sli'ditly alkiilinc or iiciunil. bui iici.lin <>1 nnich alkalintu 
m4yentH‘nrtrilk-.iition. Culi'iHni carbunatc ac!s v.p ..H„.„-niiv a, a 
Irisic rnatorial, the carbon .iioxi.lc licniiJ i'asi!\ ..r |*cil)a}.s u,..,i 

for the assimilation of caibon b> ih- oisjaiusnis, SMbunii l.icaibojiali*. 
NaHdO., is also snitiiblo; but snilimii ciubouatc, Na .t'I) , iuinlco, or 

entirely fircvcnls nitrilicaluin. 

(c) Suitii'hlr temperalure. Niintifiilinn iirniiiiihh silifis.il t|i« 

free^in^H^oint t>f wali»r itii4 il ih ^ sii ^ h! nliMiii 

0 . or 55 “ (/. It- in iiirtHf iirfjvi' uhnut lUY i\ 

(ci) Stilfirienf luoisiitn. artiHii in MiHiirmlrfl if !«*■-stir. 

Aim^ner of slnuiif Mriulst. Ii^4il, r^i., .HSiiili|,*|i!, 

the action of and cvtnjtiialK Ao^tjfiSs llii» 

(/’) Preaenee of Hitflkfrnt Sum* ili** ih hh#* d 

oxidation it in ohviouK tlmi frof* H!in|ilirHr4 Hlifiiild in' ftrMVidwl, 

Hence it cannot ])mc»ef*d in a iiinl m i 4 i'i'fi!ly i!irreii‘^r»«| 

by «tirrin^ th(‘ Hoild , , , 

((/) Whih^ the work of the miwm olivifiiiHiy |fri.i«’i‘inb 

l)eBt*in thf.i ])re.Hfncf* of «*onMi«lemfik' aiiionniH i4 aiiiiiiofiiiiiii .Milin, 
the nitric organmin Ih rendered irntelivr' la iiifire iJiiifi fiiiioniiiM 

of such compoiuidH and only prodneeH niiriitrH ttiien ilie aiiifiirinnirri 
cornpoundH have, to a been d*atrfr\’ed h\ lln^ iiilroiw 

. organinm. Nitrification ih Hio|»|ietl if ilie iiriioiiiil r4 iittiiiiriiiiiiiii cur- 
bonate ])reHerit (‘Xceedn 4t>0 fiailH af iiilroneti prr niillioii, hill IfXItl 
partB of nitrogen an aiiifiMiniiiiii ehlorifh' «lo mil |ireveiil llw* iictinin 
Warington - found that liii' firoH.-iiei' of'g\ idfe'i?liv*4y |irei'i»nlf?cl 

the inhibitory (d'fect of too large a i|iiarilil.y of iiiiiiiioiiiinn tmAimmtohy 
prodiicing annnouiurii Hiil|dml.e. The |ire*^»iiee' rif %%‘oiild tliiii 

he advantageouB in all c^jihoh ^^'tieri' ra|ii*ily «leroiii|ti*Hifi|| jiiiiiiiiil iiilro* 
genouB matter {r.f/., urea) Iiiih l«i ti*'* iiilriiied, ffir it |ir«*viiiil ihi* 

danger of the too rapid forwation fd mmmmmm muhmmio, iirid eiiii* 
Bequent Btoppagfu>f ruirilkmticm for eii'en in Miiiie'ifie flei^lnicticifi 
of the nitrifying organininh 

(h) The action of the idtric mmtmm m liimlt^red li\ tin* |ireHeiii;e 
of alkalies (sodium earbotiitte| or by cfileiiim rlibirifle* hnl ih liii-iiiired 

by bicarbonatBH and sul|ihiiteH. 

{%) Nitrification can bt* Ht4>|i|ied liy lln* of c^*rtaiii r.fp, 

chloroform or carlKm diHidphsile viipriiir, It Iiiih even lieeii Hiigne^feil 

to employ the latter in auturnii In lim of mUhy tkmtmp* 

from a soil.^ 

(k) Potash compounds iidtlf-*!! to sciils rich in Itiiniis* liavi? a favoar* 

^ Deh^‘rain, Compt, IteiidM itO, Ifliil, 

Jour. Chem. Soc,, 1HS5* iraric* 

^■Deh^rain, Ann. Agmti.» ; Jcrttr. IMU, it* 
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in^ action ii]jon nitrification, if tla* fiu'iM>r.;a,li‘ it*- rin|4f 

or^^if calcium carbonate he siniultanconsl) ap|4ic<i.^ S<iiiie itf fti*’ 
results obtained are ^dven 1 h‘1o\v: 
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Sfid 1 


only. 
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K..ser 

Aniomit of nitric’ 




nitrogen pro¬ 
duced in 20 
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20 

iH fM ’ 

days, per mil¬ 
lion. J 






With reference to the distributioii of the rntriluni/ eiFaioniirs 
Warington found that they <lid not ni greater ile|,iliH ifaiii I 

inches and were most abintdant within a hIioiI dr.laiice inuit the 
surface. In later (‘Xperinients he found that a few infritvinL? orgaiii'Uiei 
were present even at a de])th of several feet. 

Nitro^?:en»fixing* Or^fanisms in Soibs.-- Wiiiogra»l'‘ 4 u " in l 

obtained from soil a largn? laicillnH wliiidi. when cnllHaled hi a 
containing suitahlii rniru*ral ingredients and pure dextrose and HUppIn d 
with air purified l)y means of potash and sniphnrii’ a.enh ihe 

destruction of the dextrose dforina.t!<m of' hiiti.iie iifnl 
(C.jH-(X)C)H), the evolution of carbon diosidi* and tier fiulrogrin ami 
the f()rr)uUiim ({f nitrir arid, d’he nitrogen iiHisi have hfi ii olilniie d 
from thti air, Snbsecpumt cxperinienfs of Winr*giad*'dH *‘4||i#wp'd tfiat. 
the bacillus was aiuerobic and if air were pO'senf coidil ii-eiiiiiilnir* 
fret} nitrogen by the aid of other inimvefiiganisniH uhieli nia) liii%e 
acted by removing thii dissolviai oxygen freun the ■uidniion. *t1ie 
amount of nitrogc.n aHsiniilated seems to hear lainie rr'Ialitui bi Ifie 
sugar consumed, but tin* action is greatly aflVcled liy llie p:ret"i«’ifra^ 
combined nitrogen. 

Cultures of an organism {known as riirukirhnn^Bi, *f» 

have-similar pro|)ertieH, wen* made in Ciu'mariy and nold tiiiilto' Ihe 
name of ^Udinil”, Tlnty have not la^i-n very Hnce»e<»HfnI in p.ra«‘t.ir«’, 

A large number of organisms, <-ayahle of elli-et.iHg ul 

nitrogen from the} air whe.*n Suppliesi with mineral nuitt-er and eaihrde. 
drates, have h(;en discoveu’esl. Hie most lu'iive of ilir^o o# 

he Azotohaaler rhnHwrmrm discovered by fieyernick, ioshocihIi’iI v.iiIi 
another organism known as Itudinh ivirr] At' one time t he iiiireifrf. 
fixation was ascrihe’d to the siintiltaneoiiH life Iff i||«^ I VO* 

organisms, Init it is now consielericl thal the huim 
of the work. 

In the-} pn,}He}tiC(* of many ('luIionaceoiiH f’f»ni|?oiiiidH 
xylose, arabimme, dextroHe, starch, sodium tiirtrati*. miJriyio 
calciuni rnalate, or even hiitniis ■■-di'igo/wngfi" can f.v rtu’roideijjhi- 
cjuantities of atmospheric nitrogen, provided it he -^npphrd ’Hsth 

n)iiaioot and Crorlicitelle, (Vniiia, liHI ^ J'-sr, elirie S'-r‘«i 

Ab.sfcractH, ii, 24H. 

" Go nipt, liend,, Mf], l.'JHf#; .hair, Cheii*. iMri 4l.5;fati«?8 jj 
Jour. Chem. Hoc., IliOH, AiMmrlH, h. *fV 4 
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mineral ruitrientH anei with ralriniu or oarhoiiiilf'. Anliln ^ 

found it to be most alauHlant in tin* Htaf uvnr iIp* !ii»j n wiifi- 

stands dryin^^ well ami eaii be carrii'd abttii! uh dii4 by wiiid. 

It is apparently only when the .soil m well with 

carbonaceous food,'is free from acdd, vanln'ntH a fair niipply al mlnniu 
or rriagnesluni csarlxaiale, and has a hi^ds l.f^inpiuwliire. Addilnm of" 
sugar or starch to soil lias, in Honm lieen fraind to liitnini^li fer- 

tility; this is attributed fo the earboh\dra!i'H, in ndfl wrii!lii‘i\ favour- 
iiig the incjniaw^ of other haeteria ami inoiildH, oiilier tliHu .bo4e/##ifb'f. 
Hutchinso*! and Marr-Mn «#iie e;mr noted lhal the a|ipiieiiiiMij of stardi 
and sugar increasiMi the nnmher of iiurneorgaiiiHniH iroiii lei lo |4«p 
millions per gram of soil, and still reflueod ifie tVitilify, lliin fx’i'iirreii 
when the caihohydrate uas added m tie* 'spring, when, ih»* ieiii|«»r,'i!iire 
being low, ])utr(‘factivr* haeteria w*' 0 ‘ tjam' afii\e than Jogo/en-p-o fu 
other axptn’iiiHmts, when the ejH'hoh)drafe^ wvn* ield«al to ilii« wariii 
soil, in autumn, the A::iditluit'irr was stiinulatefl and nitrogeioiiX'iilion 
and conscKjuently (*nlianeefl ferldilv followed. 

Reiny auti .Urming** have shenvn llial the efferi fif Iiiuihih 

uj)on the. nitrogendixing fjower i$f is iijinid^ due to tin* 

iron and silicat{*s camtained tlierein, I1i«*y lotnnl feme o^ide, |ii*id 
in solution by sugaa*, was very efleefj^e and tiial fernr Hj|if»at,e is stKci 
good. Th.ey attribute the henefieijd elfeiU- of basic* sbig largely lei its 
stimulating effect, due to this caiiHe. ii|Miii tlii* ilevf^lii|'iiiieiif of d.::ele- 
haoter in the soil to which it is applied and the c*iiise 4 |iii*iif irit‘rra:M*fi 
fixation of nitrogiui. 

Another clasH of micro airganisins, of \%'liic}i variiniis species of 
Olostridivmi afford thf* heni l)pe„iire able, in itit* iihwiuici* of oxygiii 
(amerobic conditiotiH) to elTect nilrogcii tixaliom Htiidi rirgiiiiisinH are 
abundant in woodland hoiK n.iid on the li»iivt*sof foresi tref»H, iiciri'irdiiig 

to Hazelholland lirexlenniiiiiA 

Keutner^* found thatliiitli A rhnmrmr mrn mid rki^iifH 

PmUmrianvin were abimdiini in s«‘awvaicr and ihai llie foriiier cm 
effect nitrogen-fixation, even in the pmsiuici* of m% H |,ier eeiii Noliiliriii 
of sodium cldorirle. 

^Pringsheirn has rrarently found iliai finiiiy sfulH Cfiiilttifi liiicieriii 
which are able to live at an high a lHii|i€*raiiiri^ ns fir' CA mid %vliic!i 
can fix nitrogen In the pri»Mi-*n<ie of dext4'0#4iv 

Those nitrogendixingorganisms elatiomie iroiii tin* free nilrogen of 
the air nitrogenous oorri|iouiids wliieli #iri* reinlily in IIp* ^ioil 

by the nitrifying organismii lind ihtis riutfl«»ml oii^ily availahh^ to pliiiitH, 

In laboratory expariiftorils the amount of tnirogeii jui* griiiii 
of carbohydrakuiestroyid is siimll, tisiially licit f*xcei*«liiig III ftiilliguiiim. 
but there is evidiaice that in the fiiflci ii mticli larger rate of fixiilsofi in 
attained. This is thought to Im due to iiitHlktiitioii ki^ejiing paee 


^ Jour. Agric. Sei., tmn, 2, HA, 

nth Inter, Oongr. App. Chiao.. mm, Vlh »t, 

» Jour. Ghem. 8 ocj.» Wll, Airnirnm, iL 7m, 

^ Landw. J&hrb.» um, m, mt , 

Chem. Zemr., 11105, L mm, flwtr* eii©tn* 1%^., till, AlirtrMl#, II iili 
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nitrogen-fixation in the hekl, thim ])reventing tie* aeeiinitilaliifii of in 
trogenouB material, which, in laboratory experiineuts, |n*c»hiih{y iiiiitlH 
the action of ximtolxhcMr. Indectil, Koch and Heydel! ^ hav<‘ nijawfi lliiii, 
at first, even in laboratory exjx/riimmts, the rate nil r«>geii fixaiioii 
may reach as high as 50 to bO njilligrams per gnofi of dexiinHi* 
oxidised, l)iit that the rate; soon falls off. 

Henry - proved that fallen leaves of forest trt*eH bring Jihont fixa 
tion of nitrogen during theur decay, lijill, indeed, a-ttrilniieN the l ifdi 
ness in nitrogen of virgin soil, wlierr* organic matter of the nainie of 
carbohydrates has accumulated, largely to the lO'tivity of J.;e/ii/iar/rr 
under these favourai)ie conditions. Some remarkable examples of tlii^ 
great activity of Azotobacter, accompanieti by nitritic'ation, hau» been 
investigated hyHeadden and Sackf^tt,*'who found that in siaise seals in 
Colorado, patches of lii'own colour, produced hy this na*ans, weie 
barren owing to the excessive <|UHntiti(‘H of nitrates pitidiuted. 

Nitrogen-fixation througrh Symbiosis. Atiothm c lass of mic lo 

organisms is of great impoi'tancf^ in agriculture*, n::,, those whieh 
flourish in the nodular swcdlings on the roots of certaJn h’gnniinotiH 
plants. 

The great question as to th(^ possibility or othc»rwiHe of uf iliMiuK the 
free niti'ogen of the air lias excited mucdi att#*nticui and an enormomi 
amount of research has Ixicn dewoted to its solution. That loguadnouH 
crops apparently increased rathc'r than dindniHhc’d the* amount of 
nitrogen in the upper part of th^^ sod, although the\ eontainc’d largo 
quantities themselves, had be(*M olmervcul, and use* had bcaui nnnie of 
the fact in agriculture. No satisfactorv c*Kplanat ion an it* how this wim 
effected was forthcoming until, in IHH(b H<*llriegel published an lU'eoimt 
of the bacteria W'hich he found in the root noduleH posseHned bv elover 
and other leguminous plants. In iat«»r papers, in ccmjnnetion with 
Wilfarth,*^ he clearly showed that, living in ihese maiulos\veie lai,et««i!ii 
{BacMm rcLdlcocoUi) which Imvc* the* power of bringing afiout tbo iis - 
similation hy the ])armit plamt of the fn*#* nitrogim ol th«» air, Timn 
other investigations hy the* same chcanists. jual iiImij b) Xfiblii- ami 
Hiltner, Schloesing and Lament, and <it.liers, ir hn-n b<**'u po»vot| i.lmt 
the various legiimlnom', have* different fiaeiteria, am! that ie-»HiiMilai.joii 
of free nitrogen hy a plant deqamds upon the pre^^enr#* m i||i. noil of 
the particular micro-organism capable* of gitoving in wit.li 

it. The importance of this discaivory attractf'd caueiideraidr alO-iifion. 
and pure cultures of the nodule hact<*ria \v«*re put ori f.|m imiikri lot' 
application to soils which might hedi-fieient In thium TIiosm pii'para' 
tions werci known as nilnKjin and wcae not so succ’i's^Hfuf m m'lmA 
practice as had hum hopf‘d. Tfiey nr<*, f ladic^vo, no longm- lauii 
rnercially obtainahlf?. This culture of /htriiia.i miiinfriAa fell mu, 

^ Centr. Hakt. Par., IIH I, ii. .'H, f>7n. Xinar., Pilll . :i.l. 

Bull., 178 and 17U, Agrif. Kxp. Stai. <7dera#l*n mil, 

•^ Sce AbBtractrt in Jour. Phi-in. |shs, 71 *^; nm. 

By this term is meant tfie living togoilnn* of iww l.r ih^nt 

welfare, m diHtirigiiiihed from parmtimn, in wliirb um- n .n'* 

<aher to its own admutage, hut to the injurv f4 fii.* " " 
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ciiHusr*, }jut ill liKK$, and Stctriin*r * clainn'd Inivi* ri'iiii'dii'd 

th<* dn.fncts in MnhlM* and prf'pJinitinii hy 

iiourislnnnnti for thn h^ic.tfM’ia in thf* fnnn of sii^ir aind |ji*|»loni*s 

(aJsr) iniikl in tin* lifjuid 1o In* usrd fin* cnll.ivalinu ili«' hai'liniji iniin’In 
tin* inocadatinn fd' tin* nnrd. 

Mnnrn, nf tin* T.S.A. I Inparlnaait id A^n*ii’iillnrf, in 1!HM. uImo pn*- 
panai thnsn inu'.rn-nrj^aniHnis fcirtiistrilHitinii, and a ^PiiHatifina! ** Ikhiui ” 
was i^ivnn tn th<* now <ndfnr<*H in popular iniijja/iia*^. Hi* idaiinncl 
iiuia NnhlH'’s failnn* aronn from ihi' bactiTia ludiii^ nullivalnd in irif'dia 
ton I’iidi in nitrn;^**!!. 'rh«» now pr«*paratinii was Nrnl niii ni iln* form 

nf nrd-tnn wool, iinpm^nan’d witli llaM-jr^anisnis anil dritsl. Ifnfnn* iHi* 
thny wi*r<* tt> \y* iiH’nha.ti*«l for twnntyd'nnr hniirs in it solnfinii lamtaiio 
in*^^ nana sima-r. inaj^ni'sinin snlphat«* a.nd pnlasHiuin |dirmpliat-i% ihnn 
for a further t.wnntydVnir lanirs with tin* addiliini nf luiininidinn phnn- 
phatr*. ddn* li<pn»i was thou imnd for iiinistnniM^ tin* snort and iIiiih 
inn<adatin*4 it. S-'panU’* (’iiltun's for variniiH I»*^piiiiinnuH omps wrao 
prnparisi anil lar;Lfoly rlisfriliuiorl. 

Htit tin* rosiiltsrd' cxtondari iriaiH iirirl«'r tin* dirni-iinn nf ilif* Ik’airil 
nf Ai^rifidtiirr* in itn^ni liritain. anil in (dtnii<la Mndr*r tlio C“juiarlijuj 
1 )opartini*nt nf A^rianlturo^-daii i«> nlinw any u^'mi aihiintup* atli'riik 
in|^ tin* iiso nf thi* nf*w Cfonnan nr thi* Aiia*rirsiii iiropaiiillriM. 

In Hnntli Afrir^a, many part'<*lH tif hiamii*, pnas, Iiojuih, fit\, havi* 
h'*on infM’iilaU**! in fin* (lovnnnnnnt lidimiilnrins, but, \vitli fow oxenp- 
tinim, vary liub* attvaiuin^i* has boon a.llaini*d, lln* writer Iiiih 
many instaiutos td' h**4und!nniH planiH nmwn wilJintil any iiit'a.nilat.ir)ii 
wr*ll prnvirlrsi with root nodiilos, tlifiuuli wlii*r«* iiirwiilaiorl mnnl lias 
br*i*ii iiHf'ri tho ih'hIuIoh of^rtainlv appoar In bi* iiinro iibiiiabyii. 

On ihi* whnlo, t-h»* valm* nf tln^so propiiriilinris wan rioi oloiirly 
niarkod, so that tb«*y, liki* fboir fnroriinniT, bdl inin taiiiipanaivt* 
idmanrily. 

!VInri* rocnailly fHiflTl tht* Hiiiijr*ri wan iii^aiii brniii^lil iiit.fi prniiiiio 
i*nrj‘ by nofimnh^y* and fnr a liino i^xoili'd oniiHiflonddo pripiiliir 
tioii, f*Hpi»«*4ally as it wan liintinl tlsal it iniiitil In* |insHildo tn oaiiHf* 
nh'rt'tjfini4\%niUm in llm ront.H nf t'la-fads and .ornps fillifu" tliaii Ifi'/nfiiirn 
ifmi\ by tho uso fif tla* Hfoniillod ” Nilrndiiietoriin* *7 

Nin'oriholoHH, Ifollrif‘i 4 or.H disiaivnry in vrry iiii|tfataii! arni iittiirflMa 
HiiiiHfnainry t*X|diifmiinn nf iiuiiiy liitliritn liirtn in ridnrniiro 

to till! liitrn^oM qiioiitkin. Homo invi'mlip'itcir« nbtAiiit*tI roMilts 

wlikdi hIiow that plantH nthor tliats tin* nnoH iiffHiiiiilaio 

froit riifcrogori, lint tn n mmdi Iosh Willi tlm nf 

till* author Jiifit foiiriil tliiit all tin* pliiiitH In* iriorl 

cti?vt*lri|M*fl liimt whan aoritbif.ii»d nitrnii«*it wan iiko i*ii|ipli#*d. In liiaii) 
cniHrm thf* iifnonrit nf frmt nitroiti*fi iiaf4ittiilftt4al itmnn%m*d if 

cscirfibinoil iiitrogon warn iilan aiijijihiai 

C.)thf*r ox|a*rirriimt(.*ra. cin tint cifinlirfii thct fimtiori of 

friM^ idirngini in thn m%mif of logiiiiiitioiiii erfijw, 

.Acasording to latar irivoatigalinim iliif biicterk in this riCMliilt*ii of 

^ lltirleliy* V. Inter. Kottgrew for Aiigpwiiiidli^ ilerliii, lOTI, 8, 

3 rrwik, Jtnm Olaitn. Hm., l-miH, hhHtm4% m 
3 VM, ©f Agrk., Ilylf. I». W-IL 
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Wuminous plants sm^tc, an .•t.zy.no (n<’.. a si.-.-all.-. nn.nfiai....-i 
or soluble ferrnont) and the iiHsnnilatuni ot the aUnosphenr nUx.p. n 
really occurs in the leaves of the i-lant under th.. n.lluenee <.t the 
enzvmed That the fixation takes place ui the leaves ih denied lis 
Nobbe and Hiltner,- who found that if the nodules on tie- mots were 

kept under water, fixation of nitroK“u ceased , , , 

The symbiosis of certain inoubls with tlu* rnutH cit h<*iUlai Hiifi 
some forest trees- the ijroduction of the niffrarrlum m uhmii 
funmis prepares and hands on certain items of plant food to the hfiHl 
plant, is a process of a sonmAvliat similar kind, hut has imi na miieli 
impoi'tance from an ai^ricidtural point ot \iew. 


Denitrification. —A cheniical cliange involvin^^ thf» liheraiittn «»l 
free nitrogen from nitrattis takffs place undei'(a*rtain eirc'finrHtanei''H m 
soils and in manure heaps. This pi’ocess is efiee.ied hy tin* ot 

micro-organisms, sciveral spcicic^s ot wlii(di a.pjiear to I he hi 5*^ 

of nitrogen consequent upon this reaction is of serious importauee and 
the subject has, of late, aUrach*d ciousiderahle altentinu in luaue.e and 
Germany, as well as in Kngland, 

Br^al in 1892 showed that straw always camtahm miero organ 
isms which, in the absence of air, can produce* free nitnigen. and fo a 
small extent organic nitrogenous compouudH, front uitnitoH. Wiigm’i 
in 1895*^ by numerous ex])c*rinientH showed that the ajiplieation of 
large quantities of organic manures, c.f/., farm yard mamtre ot 
cow-dung, actually' dirninishi^d tin* crop yieldf*d h\ a soil, sutd to a 
great extent interfered with the iiuinarse otlttaavise prodtuteil hy mtrat * 
of soda. Maercker and oth(‘r ex))eriment(*rH tVamd Himda.r reHidtH 
attended the use of fann-yard manure wheit ustal with minites ; thr 
manure not only did no good, hut actually interfered with the action 
of the nitrate. The crop was both Himtller and poiirer in fiiintgi fo 
These results are apparently due to <ienitritication proiluced hy the 
addition of the farm-yard manure, thun haidiiig to tia* deHtruction fif 
nitrates. By the German iiiv'estigators, tlie fifuitrifying organiHinw in 
troduced by the manure are credited with the phenomenon. Init it liie* 
been pointed out by Warington and othcu's that the huni yiud 
manure introduces into the? soil anoilau* factor of imporlii n<'<% n;:\, it 
large increase in easily oxidisahle, organic matter’, and this miiHi 
greatly favour denitrification, both by lessening tire gaseoim oxygen in 
the soil and by actually tending to rob the nitrates of then’ ox\geii. 
Nevertheless, it can hardly he denied that the miin’o-organisiffiH uro 
essential to the process, though it is not ju’oved tltai there are 1101 
abundance of these actually iire.sent in soils, only waiting for ffrvoiii 
able circurnstancfis to perfoiTn their df*Htructive w’ork. Sindi tavoiir- 
able circumstances ar’C a diminished supply of oxygen, f‘Veii hy 


Stokiana, Jour. Chom. 80 c., 1000, Almtractn, ii. CIO, 

-Jour. (Jhom. Soc., 1900, Aiisfcracas, n. 29*1, 

•’Compt. rond., 114, 081; Jour, (ihcun, Sne,, IH92, AlHlriiflrt* U!A‘i, 

^ Jour. Agric. Prat., 1B95, Aug. 26; alno Jour. Cliom. I8!g% Alrrt m'l’n n 

428. 

"'Jour, Roy. Agric. Soc5., 1B9H. 
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consolidation of the soil/ and an increased quantity of oxidisable car¬ 
bonaceous matter. 

In 1886 Gayon and Dupetit described two micro-organisms which 
they named Bacterium clejiitrificans, a and h, which, in the absence of 
air, effect the oxidation of organic carbonaceous matter by reducing 
any nitrates which may be present, nitrogen, or in some cases nitrous 
oxide; being evolved. In presence of air, nitrates are not reduced, but 
the oxidation is effected by the oxygen of the air. 

Other varieties of this Bacterium denitrificans have been dis¬ 
covered, some obtained from soil, some found floating in the air.^ 
The authors just alluded to ascribe denitrification to a reaction which 
they thus formulate :— 

5G,Hi^O, + 24 KNO 3 = 24 KHCO 3 + 6 CO, + 18H,0 + 12N,. 

Sugar. 

This reaction is quite possible and would be attended by the evolution 
of heat. 

i Deh^rain ^ found that the addition of starch to a soil resulted in 
the almost complete destruction of nitrates, but that when straw was 
added, even to the extent of 1 percent of the soil, only about one-third 
of the nitric nitrogen was lost. He suggests that the injurious effects 
of large additions of farm-yard manure to a soil may be largely due to 
the nitrification being checked, rather than to actual destruction of 
nitrates. 

Beyerinck and Minkman,^ in 1909, confirmed the presence in soils 
of the denitrifying organisms isolated by Gayon and Dupetit and also 
found two other organisms destructive to nitrates. One of these was 
able to produce large quantities of nitrous oxide from nitrates. Other 
organisms present in soils are able to remove oxygen fiom nitrous 
oxide, setting free nitrogen. They also found an organism which could 
cause the interaction of a mixture of free hydrogen and nitrous oxide 
and utilise the energy evolved in decomposing carbon dioxide and 
building up complex organic nitrogenous compounds. 

This has, to a great extent, been confirmed by Suzuki"' and 
Lebedeff.^^ 

Toxic Substances in Soils.—Enough has been said to show how 
highly complex are the processes occurring in soils, but in addition to 
the factors already mentioned, there are, according to American in¬ 
vestigators {e.g., Whitney and Cameron, Schreiner and Shorey), sub¬ 
stances which are toxic to plants, produced in soils, either by the 
growth of the plants themselves or by bacteria, and upon the relative 
scarcity or abundance of these substances the fertility or non-fertility 
of a soil mainly depends. 

Fletcher,^ in India, supports the view that toxic substances are. 

^ Br4al, Ann. Agron., 1896, 32; Jour. Ohem. Soc., 1696, Abstracts, ii. 444. 

2 Ampola & Ulpiani, Gazzetta, 1898, i. 410. 

^ Ann. Agron, 1898, 130. 

^ Jour. Ohem. Soc., 1909, Abstracts, ii, 1043. 

® Jour. Ohem. Soc., 1911, Abstracts, ii. 916. ® i&id., 917. 

7 Jour. Ohem. Soc., 1908, Abstracts, ii, 617. 
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2 )i’ 0 (liiced by the ^Towtii of plaiitn in hoiIh, whih* ^ 

ascribe to bacteria the* producrian rif foAins, fa wliieti flii' f‘Mn !« 
of some soils is attrilnited. 

Soil Gases..-‘TlKunterstims betwiMm thr d 

are usually occupied by air ex<‘.f‘pt whan haavy rain ca'nrtfai I'lorn' lillt; 
them with wat.u*. This lUKdosed air ihuhI not la* rr^iudati rifiJiiifil. 
but is constantly inuh^i-goiiig ronewal by ditfiiHifiii trom flie ■:iii 
Inasmuch as the ]processes goin/^^ on in a soil ara in'rofnpiiiih'-d by, and 
indeed largely consist of, oxidation, it is obvioiiH fbat iba air wiiliifi 
a soil will he poorm* in oxygeti than fhaf of ihi' aboir’. 

Schloesing^ in 1890 puf)lisiu*d tha results of a number of s of 

air sucked out from soil from various tlepths. dins Wii-miK%ay*» 
to contain only the gas(*s ol the atmosphere, nf> ineasiirable ajiioiint of 
marsh gas or other combustibie gas being (feleeied. 1’bf' 
results of these (biterminatiorfs were 

1. The sum of thr; percmilage amoiintH of earfion dioxitb* mid 
oxygen is equal to 21. 

2. The amount of carbon dioxldf* varies \’er\ nuudn hrmi abonf I |»vi‘ 
cent to as high as 8 or 10 pm* cent, thr* oxygen fnun lO to 'i i pm rent . 

3. In general, tlur amount of carbori’dioxi»|e inrri^asrs uilb the 
depth (up to 50 or 60 cm.) from which the sample is rollrrtrd, llns 
is due not to diminished pUHlucfioii m-ar the Hurface. but to inoir 
rapid diffusion them*. 

4. Carbon dioxide is more abundant in surnfuer and aiitmim fliiin 
at other periods of the* y(‘ar. 

^ In addition to the gases existing in the gaseems stau* in tbr infer 
stices of the soil, considerable quantities are present in an Hhmiilml 
condition.^ Ihe yanous coristitui'nts of a soil passeHs verv 
powers of absorbing gjises and vapoms from the air. din* uilile - 
below gives the Unixinnun amount of water vapmir, luiimaniii and 
carbon dioxide which can bf* absorbed by 100 gmiiuneH of the varmie^i 
soil ^constituents at ^0^' and from an atnmspbere f'lmlamiiiif f|i». 
maximum amount of tlie aqiit*(ms vapemr, or frmii t|jr nija/ 
ammonia, or carbon dioxide: ^ ’ 


Aqiunni t vA|Heir trom 

nir. Attum^inuh 


f '4? «| •, }t||. 


I Quartz 

I Kaolin 
Humus 

Ferric hydrate . 
Calcium carbonate 


!(N'rC. ,xrt. 


‘ Comfit, rend,. Kin, I7.'l 

I)oI,:.n«ck,.iu..tal byWil.jy. Agri,.. Atmlv.iM V. !, }, 

0 
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If the Hcjil Ih* watMr“io<4^t‘(i thi* *11 n! ili*^ (trifniiii* umiivr 

procowls in a di!Ti*r<*iit way, aral luursli {*11^, l"rr»r ami 

other are (‘VoIvimI. Sueh fii*efaii|soHitifiii iiiroly nrrin-, hi a, lailir- 

vatod anh pro]«»rly drained hoIL 

The Water in a Soil. The watf’r ill a |r|-i'-4riii ut a i4ri'iit 

extf*nt as a iiqiud iiliji eiiVf*lo|iin«j: rhe parlieli^H ilit- miiL 

This lic|iiid him e.nntains tlje wilnhle mailer of tli#* nnil mul ni i<||. 
ch)sed id)’. It eoiiHists, therefore, of a liiMlily ililtile ■Hfilniiriii of n 
mnnhfo* of eonipniindH. In a fertile noil it c'oitiitiiiH all llif^ eoriviiiii. 
cmtH of plant food fsims* tli-'V <?aii tady hi* iiHHiiiiihili'4 lo, tin* |iliiii! in 
tlm Holuhle formj^ and i^eneially other stiIr‘4arif’en lo 

plantH, r.f/., Hodinm ami nilieie iieid. 

The WfileT retains tiie hfaliiiiii c*hloii«le iiiid mj||ilirite <ri'5|tiiiii|lv 
preHcmi in thf* ruin i hut inaHniiii'h as eriiisiiienilil*" mapetrjili*.fii 
taken plai’e, thehe Huhnlaiiei'H beeoiue Mior*" f’ciiiefaitra!e'i|. 

The ennipOHition of the water pi'e-Hent m a mni leiii Iw- tlrdiieeii 
from anitlyseH of ilniinfme water, rlicnii^li floiiliileHH tin* fiinrif'r is rielier 
it! diHKCjIvtai HilliHisnseeH. 

Many of dritiniiire water haTe hei*ii iiiiifle at llniltiiiiistefi 

hy Wariiigli>ii/*^atid at Grs^ia'iii }iy IhdieritiiL Al IlfilliaiiiHtrfI llie 11 %‘er. 
age riiiiiffill imd drain ilirfnigh o ft f»f Iwin* m$il -m falkm^ :. 



.^4 111 % *'.» 

r-5, 


iLiniifiill, 



iip’iiR*, 

iii's’lws. 

^ffirrli 


teii; 

^irih 


0 

May ,i . . . 


i.l Ul 

Jwie, 


II -VI 

July .... 

'i'HK 

if 04 


d-mi 

ir:# 1 

Urpumthtir 



Ckilnbifr 

ipm 

l‘ 7 l 

Nfpvfiifiber 

4 -HI 

;f m 


dm 

t m 

Jaaiiwy^ . 

dm 


Fiiiriisry . , . , 

itM 

I'ill 

Tritiil, wieile xmr 

mm 

toiv 

' M&rdi te S^iptemiier 

iim 

li-il 

1 October in , 

ii'tit 

tl'll 


Accorflirig to later ritwlte al Itelhiiiiiileib the averaiie ffn 
years gives—miiifaJh 30 in.; clmitag-e friifii iiiierotijieft 14 m. 
From ft toil lM*mring a Vig0roii» crop the afiitiiint cii flimiiiage h very 

H}r ill »ii«i |firlia|i«, after iwaflrwf4 tiiiiililii liy lli© i^'hl 

by Ilit iwti, 

® l«ir. Chmra. Bm., Itif, Tfmw., m 
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oh. less (not much more than half), especially in summer, when 
linage is often entirely suspended, except after very heavy rain, 
o composition of the drainage water will thus be altered, even if the 
does not actively exert any influence, for the dissolved matter 
>-u.ld become more concentrated. But the plant exerts an influence 
[jgiiking up and retaining much of the dissolved matter in the water, 
'tiicularly the nitrates. 

The average amount of chlorine in rain-water at Rothamsted is 
►lat 2*0 parts per million. In drainage water from 60 in. of 
o soil (equal, as is shown in the table just given, to not quite half 
x^ainfall) the average amount is 3'9 parts per million and is very 
cjtant. Nitrogen as nitrates in drainage water from the same soil 
ied from about 10 in winter to about 14 parts per million in 
xmer, the yearly average being 10-7, or a loss of about 40 lb. per 
3 per annum. From unmanured wheat land, the drainage water 
fca/ined as the average for the whole year 6*0 parts per million of 
>x*ine and 3*4 parts per million of nitrogen as nitrates,, the latter 
^ing from 4*3 in winter to 0*1 in summer. 

Ixi manured (farm-yard) wheat land the average numbers were 7*3 
oWorine and 5*8 for nitrogen. 

E^rom these numbers it appears that at Rothamsted the amount of 
urine in the drainage water is almost exactly equal to that supplied 
blie rain. From the results of a large number of analyses of 
zaage water and well waters, Warington concludes that 4*4 parts of 
D^en as nitrates per million is the average proportion in the 
mage from cultivated land in the Rothamsted district. 
Deh4rain’s experiments were commenced in 1892. His method 
3 servation was to use 20 large water-tight cases 2 metres square 
X metre deep, each holding 4 cubic metres, or about 5 tons of soil. 

were filled with soil and subsoil. Access was provided to one 
h>y means of a sunk path, so that the drainage water could be col- 
:<5L from the bottom of the cases. The results obtained during the 
year were probably untrustworthy because of the increased nitri- 
ion due to the trituration and aeration of the soil in filling the 
3. Reports as to the results are published annually in the 
nales Agronomiques The Grignon soil is rich in organic matter 
3ajpable, if moist, of yielding large quantities of nitrates, 
o. the year March, 1896, to March, 1897, the results which follow 
next page) were obtained.^ 

loL& effect of vegetation in checking the loss of nitrates is clearly 
Txt in these results. This it does in several ways: (i) By 
,lly absorbing the nitrates; (ii) by lessening the amount of 
Sbge by increasing the evaporation; and (iii) in checking nitrifi- 
i by rendering the soil too dry. This last effect is most marked 
the period of most active growth corresponds with a dry portioii 
3 " year and is least evident when rain is abundant during that 
i. [ComjDare the results with maize (with late development)— 
op of which is estimated to contain 156 lb. nitrogen per acre; 

1 Jo.ur. Ohera. Soc., 1897, Abstracts, ii. 591. 
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11 

Whra? aad vrtrb*'-rwii*'ii M'.rub ,'.f.}-a\v .'17'M 1^., 
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thin addl'd tn 24 !l»., iIp- mtnmni iii di'mriuu.*', I7i» III. 

nitrri|4i*ii I'H'i’ jmt** inlruMHi r*|tiiv:tl*'f3t in ifjiit. - 

with t.hoHi* witli \\hiiil liia mrly irTriwlli. ilnniig Muru’Wliiil «liy 

|H*riod ; tli<* ih i«i rfialiim •>!■•*# lli. prr 

acn% whiidi, addl'd in flit' iiiiaiuiil IriHt m ilriiii3ii|4»%. lfJ‘7 Ih,, iiiakt'H a 
total for aiooiifii of iiili' 0 |i#-o rouvoiird iiilo iiilrn!#:'^ *d' only Hi.; 
it'HH than half that proiijir^*'*! on th«* fallow viin^n,- 

With ridi’-ronoi* to flu' lonnof uth^'-r m diiiiua^n' wa!«i*4^ 

BtoklaHii. ^ haw doti*rroifi**d iho aiiioniil of rniioiifii raihojojiir iit 
drainagi* Wiiti-rH from hoiIh dmivod frniri fiom rfialk, 

and from |«*iity wnk. U«* tlii* %i»iirly lf♦H^ of f»ar- 

honato in Hoitn from |mir)ilivo rfa-kniit o%’or 7ifit kilo^ |#'i lioi'tiu* o'lCih 
lb. jii'f and ill alioiil 3(MWI kilfi^ jr^r Ip'Oliin* Ih. ji«-i itrr* f 

in Hoiln from ohiiik. Itn iimaiini m by a|#|il«rfiiiO!i oi 

arnriioriiiim a«rii}aHmfk, cmdng Ici ilir iiciid f4 bojiiy roin 

vortfal into aidtdmil miltn by intioiiolioii with I'liltdiiio *oiiltoiiiin% iiiid 
ako to tho fimmUkm of lint vi,^ry f^oliilib* oakiiiiii Iroin iiiinlifii- 

lion. Ho ako givo#^ th« iiriMaiiitH of jA<ri%|iiiririt' aoul foniid iii ili#* 
draiiiago wati?r from (if Imm from gniiiili' iiini <2^ 

cslay from iha l^ormian, (»l| riiiiri^ {4 j biiifdo mwL urn* 

m follow.^ (wfff tiioit 

Thin nhowH tho oriorinoiw Iohh of idiOHjiliorio iiidd from iiiiiiiiii 

^ Landwirt-li. Hiat,, l^^4, 4fi. lilt. 

lmweii,Ciilb<srtatidl Witrltigton fjoiir. bf IW 

losi &l atjcMti lialf tliiiikt itolliiifciii*l44 * mi kod. 
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Loamy soil. 

Clay soil. 

Marl. 

Humic soil. 

Total PgOg in soils 

PgOg in drainage, per million 
Estimated loss, lb. per acre . 

0*024 

0-620 

12-00 

0*087 . 

0*420 

8*13 

0*125 

0*700 

13*60 

0-003 per cent 
1*010 

19-60 


although they contain only very small quantities. This great loss is 
doubtless due to the solvent action of the large quantities of carbon 
■dioxide contained in the drainage of such soils. 

Hall ^ estimates the annual loss of calcium carbonate from an 
arable, unmanured soil containing 1 per cent of this substance at 800 
to 1000 lb. per acre; the loss is increased by the use of ammonium 
.salts but diminished by application of sodium nitrate. 

Tew determinations of the amount of potash in drainage waters 
have been published. 

Its amount is probably always very small and the loss of x^otash 
from this cause is seldom a matter of much importance. Any potash 
which becomes soluble, or is applied in a soluble form as manure, 
appears to be, to a great extent, held firmly in the upjper layers of the 
soil.^ 


On the other hand, American investigators found as much as from 
0*43 to 44-0 parts of potash (K 2 O) in a million of drainage water.*^ 

Way found from 0*3 to 3’1 parts K 2 O and up to 1*7 parts PyO^, 
per million of drainage water.*^ 

Schloesing ^ states that the amount of phosphoric acid in the water 
impregnating soils is usually about 1 milligram per litre, but sometimes 
is as much as 2 or 3 milligrams. 

The composition of drainage water naturally varies with many 
circumstances, e.g., rainfall. Complete analyses have not recently 
been published. The avei’age of analyses by Way (1856), Krocker 
(1853) and Zoller (1857) gave the following:— 


Potash, KgO . 

Phosphoric acid, Pj,Oj 5 . 
‘Lime, GaO . . 

Soda, !N’a20 . 

Silica, SiOo . 

Sulphuric acid, SO., 
Organic matter 
Nitric acid, N.^Og . 

Ferric oxide and alumina 
Chlorine 


Parts per million. 
. 2 to GO 
traces to 2 
68 to 180 
. 5 to 46 
. 5 to 2e5 
. 18 to 130 
. 16 to 180 
. 2 to 210 

0'7 to 7 
. 1 to 57 


Total solids (average) 865 

^ In conclusion, it may be useful to summarise the chief sources of 
^ain and loss of nitrogen to soils, apart from the agriculturist’s efforts. 

^Brifc. Ass. Eeport, 1905, sect. B. 

2H. Liebig, Jour. Oliem. Soc., 1872, 318. 

Massachusetts State Station Eeport, 1883, p. 27. 

Jour. Eoy. Agric. Soc., 1856, 133. 

"‘’Compt. rend., 127, 236; Jour. Chem. Soc., 1899, Abstracts, ii. 119. 
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THK HKACTIONS oacTIlHIXf; IX khilr 


IV. 


The chief BOtirecH of gain art' 

L The armnoniuni corn|iaiiiiciH ami nitric iicici lircnighi clown in 
the rain (nee ('hap. II). ^ 

2* (iaBcoiiB ammonia ahi4arlM*cl from liic atiiiciH|itii‘rr* by tJii» mil 
couRtitiientB. Tliin in |irahalily a eomintriilivcly iiriim|ioriiiiit liotircc*. 

8. (bmpoiUKlH of nitrogen (chi<*lly nitric iiciii |irfiliiiliiy) foitned 
by micro-organiHnm t*xiHting in the noil itBi‘lf, air fiirriiHliiiig tlic 
Hary nitrogen and oxygem 

4. Bimilar compoundH prtKlnced by tin* ifiicro-cirgfitiiBitiH for by 
the enxynH*B remuting from them) frer|iieiilitig the liibercli*H or 
nodnleB on the lootletn of lognminmm idantB. 

5. Th(* prodnetH of the* nitrification of organic <*oni|iriiiiiflH itirciidy 
preBcrit in the ho51. Thin m alno the work of iiiicrtRorgaiiiBiiiB, iinil ||, 
often limited by the ahimdancf* and ficiivily of proloxciii |ireBr*iit, 
which feed upon the funmoiiia-forinirig 

6. Wm Hrnall cjuantity of liiirogimoiiH mailer fin «o!iitioii or bus- 
pension) Iirought m ocmHionally by floml %vat.ei% and it« Kiilisef|iierii- 
nitrification, if necesHary. 

While the Iohsch are chiefly tine to-- ■ 

1. Denitrification*-.the libnulioii of frire nitmgeri or of iiilrmis or 

nitric oxide from the nitrogen conipcHincIs. This in diii-* to llie action 
of nnero-organlsma in thi* abneiuti.! of cmygim ami ihiTflnre omir» 
”moBt readily in «oik rich in decayiiig ciirkniiiceoiis iriiilier,, or fiar- 

tially water4o|^ifci 

2. In the drainage uirter, by which nitrates iinri, Ici ii iiiiich 
extent, ammonium compmmd« and orgmnic riilrogeiiriiia siilistiinces ure 
carried away. 

3. By volatilisation of amrmmia or ain-infiiiiiim cfi.r!Miriiiti* resiilliiig, 
from the decmn|> 0 Bitiori, under the action of orgmriiMni«^ of riilrogerimii 
organic matter. C)%ving to tlie wliibility rif iiitimorik. in wati-r iiiicl llic 
ease with which it i« ahHorlaal liy hiimiis aiitl other iiigritlienli, ttiii 
loss is prolmtily of sitiall criiiw*i|neiici*. It in, ilotilitless, griiiti*sl in ttol 
weather and in clry^ soils. 

Atnmmnt m C'liarrmi IV. 

The chemical changes occnirring iti a soil tale place I»i4%%’efii sub¬ 
stances in highly dlltile aoliitlon, and it is ptolaililit that iroiisitinablit 
help might Ire aflbididi by the apjilicalkni of Arrbettiiisk e!t^4,t«!yti0 
dlssoeifttion thifory of witiiloti to such problems. 

It would bn out of place to ailenipt coiiiplrti* expmiiioti of tliw 
Iheo^ here, btil it may p^rhaw im iKlvkablti to vwy fiiietiy iiieiitifiti 
the chief ooiiocptiona ^iitainea in it. 

When a comjiotiiwl «pattb of iiiidergoing eleclinlysk in 
solution is disnalva:! in waO»r, the inert* act of soliilion k 
by tk partial or dlw^ialioii into iWu, ai* lit* itirliil ftinl iiciil 

radicle ar# Thus in a nolulioit of mnmmti mil there fire a 

nuinbsr of inol« 2 ^iilta of NaCI, tint if the anltilioii lie cliliin* the 
portion of tho salt txiita m ftm- imn of ^alinirfi aisil ehlririiuf, ilie jtpi 
consisting of aloiiii fin this €%m} each carrydiig a eiiiirg<i of elrclrkity^ 
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H7 


positive in the case of the rnetal, nega,tivi‘, in the (sane of thi*. liiilogeii. 
The degree of dissociation, Le,, the proportion of thf! total quantity of 
salt which thus undergoes “ ionisation” increases witli the clilution* 
Thf‘ chemical changes which may eaisiui whim two solutioriH am 
mixed are dependent upon the action of thi; iotis upon ifach other. 
Tims, if to a dilute solution of NaOI a solutioii of silver nitrate hff 
added, we get a precipitatii; of silver chloride, because iliis Hulwtance, 
being insolul)le in water, cannot imdiugo ionisatioii. Tin* action 
which occurs is to he regarded thus: lioth solutions coiitaln chiitfly 

+ 4. «« 

ions, the one Ka and Cl, the other Ag and N().{. On mixing thi^ 
solution a precipitate of insoluble AgC’l separates owing to the union 
of the Ag and (‘1 ions, and the solution now contains not XaNO.|, as 

•e “* 

is usually taught, but really ions Na and NOj|. On eva|K>ration these 
ions unite and form NaNOj^, which may \m obtained in csrvHtals* All 
the changes which take place when af(iieous soltitions of salts are 
mixed are to he thus represiaikHl. The most dilTicult (jotiception in 
connection with the theory is that the ions have tiot the usual proper* 
ties of the free substances themsidveH (which in many cahos coulil not 
exist in contact with w^ater), but, because of thtdr electrical charges, are 
utterly different. When the electrical charge is removetl, as by idi.tc* 
trolysis, the ions disfippcmr and the mat<*nal of wlticdi tliej^ are 
composed takes its usual proja^rties. 

Thus, to consider common salt solution, the Na ions possess none 
of the properties of sodium nor the (!1 ions any of those of cdiloririri; 
hut wfien a currant of electricity is passed the Na ions art* friied from 
their charge and metallic sodium is m*t free at one pole (cathode), and, 
being in contitct with wii^ter, at once reacts, giving free Ityilrogen iitiil 
caustic soda, while at the other |>ole (anode) thif Cl ions lose their 
charge of negative electricity and are evolved as chlorine gas. 

Whtai a salt i» dissolvtal in wat4*r, it may partially diHsolvi* as 
such,^that is, «>ma inoleciilei of the original salt dissolve; liut cleconi* 
position into ions at once commences and ^mm on until tlierif is a 
certain fixed riitio (for the particular salt and clilution) btiweeii ihf* me 
dec0m|K)si.sl salt and- lha product of the nuiulier of tons pri'sent, Tiike 
mmrnon salt, forexarnple. The eqiiilibriiim will be reached whett' ■ 
k (number of rriols, of undiatomfrowirl NaC!!) 

* iiiitidM^r of Nil ions x tntmbir of (]l ions 
ik fteing a constant which variifs with the dilution and lerti|M»riiliiri% 
the liiitiihers lining those present in iintt volume of the soltitioii). 

If another salt, having ions of a similar kind, Isi illssolveil hi 111 © 
same solution, the equilibrium praviously exiskmt is disturtieii Stif© 
pose, for exariiple, sodium siilphal© were a^ldiKl to the coiiifticm suit 

Koliition, th«s ioiw of the new wilt are Na, Na, an«l HO,, anil lh« 
coiiiiitionH of wjuilibrium are (leteinmlned by the Wjuation 

/fe{Na^HO,) - Na X Na x HO, 

as before, k, of ooutm, having another value; but in the uiixtuw* llie 
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tick HKACTHhSS ClCC^riUll IS SlULS. 


IV. 


Ka iorm are ]iartly fiirniHlimi by ihi* mnmmni hiiIi, |r4rilY by tiii* 
scKlnmi sul|)hafci*. 'Hu* in lliai iiiiiHiiiiiiJi iin tlw di^riH* af 

diHHOciation of each Halt parti)- iipoii tl«* t4 Kii ioiin, 

IciRH (liHHOCsiatitai in Hutibrrd by oik'Ii -nalt lliiiii woiilil !«• tin' fit^4* if tlif 

ofchw’ were*. abKfiit. , , . 

It in foiuHl that nfiitly iiii Halls biif. oiii)- afiOH ainl 

banns HutlVr a lai'i^n aiiuanit. of in ililiilf NoliHioii. Wi»iik 

acids*aral bastes iindori^o litili* or la* ioiiisiiiciii, iiiiil it ih lipoii iIiih 
fact thiiA the wfiikuosH of tin* acid ilfpfinlH, ilif iiflivif.) of riii afnl 
rc*all)' im^aHurfrl b)^ llio piopoifioii ot loninffl ii\*ir-oi4«:^fi in its 
solution. 

It is thiiH f^vidfiit. lliHt wlii‘11 Iwtt rifiilriil hjiIih art- in fliliili* 

solution, if uo iiiHolublo or prmlnvt is foriiird by iiili»raci..iiifi of 

their ions, no rboiuic^al aelion roally takes lltfis, if HCMliiiiii 

chloridtt and pcttaHHiinn nit rale !■«* fni^fd lit|4<*t lier nr* rviflfiiff rif 
chemical action is prfHonfi'd ; iialff**!, none iManirH, ai«l in llic iiiixfil 
. >,■ 

solution the ions K. Na, ( 1 , iiiid rcitiiiin snlf by 

If, h(nve%''«*r, two of tie* jtiiis fim urult* iiml fnriii ii fiim-itiiiiHiibli* 
substance, th«‘n a ilf«adf*d mlmiwlmn, ijiriairfi|Miiii«*«l iiHimily by ii 
thermal (listurbaiice. occiiiH, Hindi a luaidoiiiMilib* iiiiiy Iw* 

an insoluble boily or il may be a soluble r'/i., W'aier. wiiieli 

is practically nomcliHHoe.ian*d. 

i ... .t- 

For example. Nit -b Cl -f An ^ Niy,i Nn -C Nt^j + A^C'I 

Silvi^r 

„l„ ... . 4 . 

Or again. 11 -r CJ 4* Na *f CItf Xa 4-* Cl *f* H-il 

loll.:* ff?f Iiy4r!#- I«#ii ■> r*l mseiiir Cai** iti W»ter 

mnti. .wiliiliwii. 

Or”-""- Na + C d* II d* XCC Xa 4* -Xtl^. 4 * ltC*.JfjCb, 

Imm of rt?4uiiii of fiiitri« left* %till ffet le el 

aeiitate. »<d«b in w>|iiyoii, %riri’ iltllr 

■ 4 . 

In the Imi mm*, in the Hfilulkm there h* it vt*!) fiAt' fi 

and (jj|l i/bj, its acetic iicid in lilighiiy f iiilewl, in «*vi*iy ciiHe 

very Hiimll i|ijaiititie« of Iht! bfi» of llii^ iwmiineft tiiiii4ffSiiHiib!i» 
stance remiiin in snltilimi, m priilmlily iici siib^taiice i*» lioii* 

ionisable, jiwt m pmlmMy tm niifistaiice iiJwnliitely iifwiliible in W'aier. 

When a etirifiieitl rimclimi. hikifu platje dimply between it h 
completi*d in an eKcet^lingly nhm% tiriif% tinl if clmiiiceH m%*m\ 

very often th«?y ilo m alowly mnl Ihi? reaclifiii «*ili*sifin river a eoiiwiteiH 
able periotl. 

Mass Action*- -W'liiiii two sulwla-iMiifi ftris liroiigtil ifilii liOfil^l liy 
one or kith kdng in a rtfactloit. ofluii atnl ion* 00 , ttiilit 

cquilihriiim k altairicd* 
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This eqiii}ii)riiHn is geru^rally reaciied Indorii the whole of ii 
reaction as reprcHented by an equation in coin|d<^t{‘d. What ac.tuaily 
.occurs will perhaps Ixj best unden*Htood by takin|4 an i*xainple. If 
hariiun sulphate (iriKolubie) be tn*at(*d with a solution of potaHHiiini 
•carbonate a reaction Ijegins, resultini^ in felu^ formation of barium cmr- 
bonate (also insoluble) and potassium siilphak*, in acasordHuaie with 
th<^ f.*qnation— 

+ BaSO,, BaCOjj 4 - K.HOj. 

But this reaction never eoes on to completion as is i-epreseniisl by 
the equation. When cajuiliiu'imu is attaim*d, the Holutioji is found iu 
•contain both ])otaHHium Hu!|)hat(^ and caiBoiiate. and the* preeJpilaie 
both barium carbonates and sulphate. ^loreovtu*, it is found tliat if 
barium carl)onatf^ he* tre*ated with potassium sidpliate* Holutitm, a 
similar state, of ta|uiiibriuni is attaim*d and the ratio lM*tw(»«m the 
nunil)f?r of equivahmts of poiassium sulphate and jjotaHHiuiii C 4 uboniite 
present in the solution wouiel be the saiiu* in each case (tlie ratir> 
.actually found is aliotit 1 ; 4). Tlu^ r<*ac4.ionH nnrlly take pliu',e in both 
directions at tlu; sami!! time, and eepiililirium is attaimal when the 
velocities of the two oppositig r(*actioim are* e(|ual. Tin* reaction may 
therfdon*. hei hettm* r(qa’e*H<*nicHi thus: 

4* BaH()jl7 K.HOj + BaCC),. 

As has Ihh*ii showm by (luIdlMuxand Waage in IHb7, the velocity 
with which two subsiancfm react depemls upon 

L Thit ruoduct of thedr (ivtire mmnen^ he., the number of e(|uivio 
lautH of each of the substances |ii*esent in tlie unit volmiH*. 

2. Another factor, depemiing upon tfu? nature of the two sub 
:stanc«.*H, the temperature and ottier physical comlitimiH of the reaelion. 

Thus, if m and m* he the number of gramme e(|uivaletits of tin* 
two Hubstanerm A and B present in the unit voluim? of the Holulioti, 
the speed of the reaction would hi! nieasunal by k x m x m* wdieri* k 
is a constant, ft is obvious that, otiter thiugs lining uniform, tin* 
rapidity of a reliction will diqxmd u|.ion the frequency of coilisifuis 
between siibstancfm wdiich are to react. If the ntuiiherVif erfuivaleiits 
m of one suhstiinee Iw cioiihlcal, thi:? number of collisions |M*r unit liim* 
between the molecules of A with those of B will la? flmihmtL Ho, loo, 
if m! be also doubled, the numla-T of eollisioim |a*r unit liine will lie 
.again doubled, so that tla? sfaaal of the rmetion will now hi* repre- 
seiitc*d by k x 2w x 2wb iV., four times as great as before. 

If one of the Hiihslancim is iiisoluhle in wakfr (or so little sohililt* 
that there is always some of it prifseiit in the solid stiiie) its nclii^e 
masH k coimtaiit anti the s}s?iMl of the rimcfcioii then varies ririly ns llie 
active ttmm of ilie soluble mihntmnm^ varies. 

Now when^two substances react they, as a rule, form two oilier 
'8ubstancf*s, which may react tiwm c*aeh other, re«forining tin* ru’igiiiiii 
tw'o. ^ This oeetirs in al! fm-eidletl reversible reitctions, In siic»h cfi.^e*! 
equdlbriiim is attuiriwl when the «|ieed» of the reiMaioii in the. t%vo fit 
Ttotions lire emml. (’oiwider the caae to which alliwiciii lii.is ulreiitli 
t)een made and lel n it»prest?iifc the ntiml>erof efjui%%leiits of |ii*i 
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unit volume, h the active immn r>l' BaSO^ (eoiiHtiiiit hremme irisciliilile), 
c the number of ec|uivaleiitH of iiinl d the iietivi* of 

BaCOji (again conniant). Then the for ei|uililjritiiii wmild 

be— 

k(a - y)(h - .r) ^ l/ir r)id + j -),, 

but Binc«,i h and d an* con«tiiiit ih«»y are not iilii^refl by the Hiiliinicliooi 
or addition of x, which repreHentH the niiriiber of ei:|tiiviilftitH of 
(or iiaSO^), which undergm^n the cdiange. 

Hence the. e(|Ufitimi niay bt‘ written 

Ida. - xjihj 4*"'If' -f 

k ir xid 

k (a - r|o 

or if ningle equivalents were taken of iniil 

kl I • ■ .r) (k) ^ ¥xd 

k xd 

tx,, ■ , 

k If 

and BincB i« constatit, we mt* that i»i|iiililiiiiiiii iti reached wlie» 

- attaiuH a certain value, 

I - X 

This rcHult numm tiiai eqiiilihriiini In ailiiirieil wlieii llii* riitio of 
poteBBium Huiphaie to jaitassiinn cariaiitali* rimclieB a ceitiiiii flieil 

value. 

The Bame in true (wdili ditfereiii valises for the riillo) %Vitli nil oifitir 
reactiouB of Hiinilar ly|M* wh»:*re tliere are two wiliilile immI two Islile 
Boluble or itiHoiulile Hulwlancefi concm'nt^L Ji iipjilie^* for exatniile, to 
a change which m often irmde tisi* of in agrkiiiliiifml praclice md 
affordB an ex|ilariii-iion of what may apjatiir jiiw^liiig awl caailriiiMclory 
to the Btudtrit, C!abiiini Biiljihaie in tmd m m tmmim of irs«#i?te 
ing the Iohb of iwiimoriiiiii} i?oiiijic.iiiiid«i front itiatniri* tieapH; iliii* it 
is said to do by tmdergoitig iloiilile ile0oiii}ae#ttif«t willi llie volitlile 
ammonium cmrltoimte* yiidding nnmvolatllif aiiiriionitiiii tiiilpliiile unit 
ealciurn earbrmitti*. 

On the other hiitul, when atnttioiiitiiti ii# iiiijilieii % 

manure to a »oih eiileiuiit Bwlphate k foiiiitl in ilie ilmiiiane . wii! 
ammonium ciirkiiiate m a|i|:iamiil1y held biw^fc in the noil iiniil liiirtlh 
cation occurs. 

An repremeitwl in ilie firtlitmry kmltiwik ttmniier lfii» rwietiiiiift 
are— 

in the ease of iht^ iiiaiiiire 

cm), ^ ^ (MMjgfio, 


J * 
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In the tirst place, the carbonates involvtul iii the rc^actionH art^ 
probably not normal carhoriates hut acid carbonates, since* t‘XceHS of 
carbon dioxide is present both in the manure hcja}) and in the soil. 

The reaction might be represented— 

CaHO, + 2 NIIJIC 03 :;t(k(HCX),).^ + (NIX,),.HO,. 

ec|uilibriim) being attained when the ratio of the anmtoniuin sulphate 
to the ammonium carbonate attains a certain value, if the Holutions are 
so concentrated that se|)aration of OaKO, and (!a(H(X)y),, in the solid 
state can occur (as perhaps may happen in a maniire heap): Imt the 
conditions of equilibrium will, in dilute solution, be also affected by 
the quantities of calcium sulphate and calcium bicarljotiaie presemt in 
a dissolved state, for it must bcj remembered that tludr irjfluenci* ordy 
becomes constant when they are present in such cjuantities that they 
separate partially in the solid state. 

It is only fair to say, however, that the temhmey for the noil to 
absorb and retain ammonium carbonate will also piay an important 
part in the case of the action in the soil, that compoiuifl being with¬ 
drawn from the sphere of action m fast as it is formed, thus dinunish* 
ing the speed of the reaction represented by tin* isfuation reiul fiTini 
left to right. 



CHAPTER V. 


The Analysis and Composition of Soils. 

In this chapter only a brief outline of the methods of sampling and 
■analysing soil will be given. For full details a treatise on soil analysis 
should be consulted. The methods described here are such as the 
author himself uses, and variations may be made in them to suit 
special cases. 

Sampling. —This is an important operation, and careful considera¬ 
tion should be given to it. Much depends upon the particular object 
for which the analysis is to be made. If it be desired to report upon 
the soil of a farm or field as a whole, and much difference exists in the 
soil from different parts of it, care must be taken that in the final 
sample, each different soil should be represented, as far as possible, by 
a quantity bearing a proportion to the total sample equal to the pro¬ 
portion (of the whole areal covered by that particular soil. Better 
knowledge of the nature oi the soil, however, is obtained if samples 
representing notable differences be kept apart and analysed separately. 

Then, too, the d^th to which the samples are taken is a matter 
for consideration. 'Generally speaking, the samples should betaken 
down to the line of separation of the soil from the subsoil, which is often 
very clearly visible by a difference in colour, the soil proper being 
darker (because of organic matter) than the subsoil. The depth is 
usually from 6 to 10 in. and, in England, 9 in. has been often 
chosen as a standard. In many cases it is also required to examine 
the subsoil, when, of course, separate samples must be collected. 

Of the various methods of taking the samples the following may be 
mentioned:— 

1. Having selected the place, the vegetation growing upon it is 
removed and a hole is dug with a sharp spade to a depth of about 12 
in., one side of the hole being trimmed so as to be quite smooth 
and perpendicular. A slice from this side is then cut with the spade 
to a suitable depth and about 3 or 4 in. in thickness. This is placed 
►on a clean board to be mixed with the other samples obtained in a 
similar way from other parts of the field. Finally, these sub-samples 
are mixed together thoroughly with trowel or spade, the sticks, 
large stones and roots being removed, and a sample of 2 or 3 kilo¬ 
grams taken for analysis. 

2, Another, more laborious, plan is to have wooden boxes 6 in. 
square and 12 in. in depth to hold the samples. A large hole is then 
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just slip over it. The surfsuje of the jirittii i<* h<«<. >* r; 

the box is inverted over it. aiitl hy iiieiuts i»f tli.< •<- t. 

the column of soil is removetl. a label jiai limdiU '. •.! 
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borings being placed on a board, a fiiniii'ter of l-feiti i^-% '*b^/ 
from various parts of thf? area to be b*oiti 4 tvm- 

and taken for analysis. A board nboui *i fl. *> in. i 'd 
hole in it just large enougli to easily pass ib»* «4ll Ip-- 

venient to stand upon and also to reiadve die bfiniigH.. 

For general purposes a ebeiiiiati of ••loii lu tib 

is usually donej, hut great inipoitiinca* is iiiidoiibn^dly to br 4*i!.i*br*i 
to its physical properties (e.g.. spiadfie giiivily* ri‘al and ap|nii*-i4„ 
specific heat, conductivity for hf*at, alrAorptn^e 
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ing them quantitatively ; but for methods llii’ vtindriil tip-; 

writings of Knop, Koenig, Waringtoii, Hull and Wilr-y. U- r-> u* 
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chemical analysis. 
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Mechanical Analysis.-.-Tbe»*oil efilliait.ei| m iIh diitiip iit i«^t 

air-dried. This is ilorie hy sprembrig it oii itiid Ui *40 

for some days, care btdrig tiiken toeielnde dn^*!, td r,o#dos% 

tion or other foreign maters. In order lo inmtmm- thf^ lAsn- 
the author has used a glass provhhsl with iumt 

air is drawn by a fan, driven hy an ideetrk! rtiol«#r, tie- iirr,«-*nsten 
of fresh air being aclmitted iit th«* bytloiii, being %%ai$ur4 | 
ing over resistancfi coils (mml for diimtdsliitig lln* rmi-rot tei|qjird t.i 
the motor) and filtered ihrongli imlico. In this %%m tmr fii :% 
ture of 25*" to 30' (L is dmwn over the soib and di'img |rir*| 

a short time. Before the soil is t.-horonghiy dry li 
the hands or with a wcMKieri or rnlilii*r-efi%‘ereij u* *^ 14 **'# 

crumble it to |)owdor, care being taken not crt.|j*b 
fragments. When dry a <; 0 iivetii«*iil qitniUity. I ..r 'd 
weighed out ami jtaHHcd through a sieve liavitig nieHle s «4 .'t ueSbu.. 
or I in. diaineter (Iwmfc mwleof metal with (dfiuilai »«»»•»>«>; I'll,' 

portion failing to {«ws thin in HubjeeUst again Ji» baml ,i.« 

aggregations of day. r/r., are b-ft. iMually. tb- .U.i.e* ,4 ».■> ib- 
d millimetre sie.ve are riuiioveil and Weighetl, wbilat the ij<>rli.«n to-uung 
through iH stored iu a stojip-rwl iKilUe for the ^•be^m^rtl 
duly labellwl, the jsTceritage of atonem remove.! )e.,„g r.on. r.i.. . 

recorded on the lalwd. 

It is rarely desirabli) to make an analysis of iIk» atcme*. tlKrtij,;!. ; . .. 
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^fchorougli examination of the soil their character and probable composi¬ 
tion should be recorded. 

Further mechanical analysis of the portion passing -the 3 millimetre 
sieve is sometimes performed, depending upon its separation (i) by 
sieves of suitable mesh, and (ii) by elutriation, i.e., washing in a current 
of water of suitable strength and allowing the turbid liquid to settle. 

By the sieve method it is not advisable to attempt any further sub¬ 
division than is given by holes 0‘5 millimetre in diameter. Sieves of 
3 millimetre, 1 millimetre, and 0*5 millimetre holes are sufficient for 
most purposes, thus dividing the soil into four parts. If further 
separation be desired, elutriation must be resorted to, for details of 
which a treatise on soil analysis should be consulted. 

The usual sizes of particles into which a soil is divided in the 
mechanical analysis are— 

1. Stones and gravel, above 2 millimetres in diameter. 

2. Coarse sand, between 2 and O’2 millimetres in diameter. 

3. Fine sand, between 0*2 and 0’02 millimetre in diameter. 

4. Silt, between 0*02 and 0*002 millimetre in diameter. 

5. Clay, less than 0*002 millimetre in diameter. 

Numbers 1 and 2 are usually separated by sieves [that for (2) hav¬ 
ing about 80 meshes to the inch (linear)], the others by elutriation, the 
times of subsidence, in a 10 centimetre column prescribed for the 
separation, being — 

Particles above *02 millimetre, 7| minutes. 

„ „ *002 „ 8 hours. 

In some cases a microscopical examination of the various sediments 
is made in order to determine their mineralogical nature. For a purely 
chemical examination a sieve of 3 millimetre and one of 1 millimetre 
perforations (practically in. and -jV ^^0 necessary. 

Chemical Analysis. —A full chemical analysis of a soil, including 
the determination of the quantities of every ingredient, is rarely re¬ 
quired. If it be, the “ fine soil ” passing the 3 millimetre sieve is re¬ 
duced to fine powder, the particles of which are, at least, able to pass 
the 1 millimetre sieve. 

Determination of moistme, —About 5 grammes of the air-dried fine 
6oil which has passed the 1 millimetre sieve are accurately weighed in 
a flat-bottomed platinum dish previously weighed, with a short piece 
of stout platinum wire to act as stirrer. The dish is heated to 100° in 
a steam bath for 12 hours, with occasional stirring of its contents. It 
is then cooled in a desiccator and weighed, again heated for an hour, 
and re-weighed. It the difference between the two weighings does not 
exceed two milligrams, the moisture is calculated from the loss in 
weight. I£ the difference between the two weighings exceeds 2 milli¬ 
grams the dish is again heated for an hour at 100° and re-weighed 
until two successive weighings show less difference. 

Determmation of loss on igmtion.-^TbLe residue from the moisture 
determination is heated to low redness, with occasional stirring, until 

1 Beam, Pourfeh Bep. Gordon Gol‘'ge, Khartoum, Ohem. Sect., 1911, 34. 
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lall black particles are deBtroyed. Thin can very convrniitintly I«3 dmm 
in a mutHe furnace. The dish is removed, allovved to cool, the con- 
vtents moistened with ammonium carbonate solution, drifid, heatctd to 
about 150'’or even to low rednesH fora minute or two, a^min cooled 
:and weighed. The loss is equal to thej organic matter and cxmihined 
water. The object of the treatment ^ with ammonium carl)otiate in to 
•restore any calcium carbonate (which woidd be deconi|;ow‘d l)y fclm 
.heating into carbon dioxide, which would escape, and c|iuck*»liniej liacik 
into its original form. Otherwise the loss on ignition woidd intdudti 
ithe carbon dioxide thus expelled. 

Care must be taken that the temiperature be as low as is conHistent 
with the oxidation of the carbon, or loss, due to volatilisation of alkaline 
chlorides, may occur. 

Determination of The nitrogen in a soil may exist in 

three states of combination 

1. As nitrates. 

2. As ammonium compounds. 

3. As organic compounds of complex but little-known constitution, 
associated with thehumus 

The nitrogen existing at any given time in a soil in tlie statfO of 
nitric acid or ammonia is usually very small in amount and in mcmi 
cases does not require separate determination. 

Total nitrogeyi.—Several methods are in use for the determination 
of nitrogen in soil, but, in recent years, the well-known Kji*ldahl firo- 
cess for the determination of nitrogen in organic substances gifucr- 
ally, has, with various modifications in detail, laien, adopted in soil 
analysis. 

Broadly speaking, the method is based upon the behaviour of stroitg 
sulphuric acid towards organic matter; by continued heating with 
strong acid the carbonaceous matter is oxidised into carbon dicwkln 
and water, the nitrogen which it contains being convertefl into am* 
.monia, which, in the presence of the large excess of acirl, riutiiiiiw lie- 
hind as ammonium sulphate, A large proportion of the »ul|iliiiric iioiil 
is reduced with the evolution of sulphur dioxkle. It is found that th« 
oxidation of the organic matter is facilitated by the addition of small 
quantities of certain metallic salts, cjj,, of mercury or copjier. Iln^y 
apparently act as carriers of oxygen from the acid to tlin orgiinic 
matter. 

The following are the details of the method which the intthor 
uses 

10 to 15 grammes of the air-dried ** fine-soil (nc., which IiaM linai 
crushed and passed a 1 millimetre sieve) are intrcKltieed tiilo m Ifi 
spherical flask and treated with 20 to 25 e.c, of ptm sulphuriti ficifi;* 

' 3 Several errors in the defcerminatkni of organic mattitr arc tm mhrqmktly a* ■ 
counted for by thii treatment; magnesia left from magniwbiiii imrlwiiatc mt Igmkrn 
only very slowly takes up <«rbon dioxide again; so, litmi pmmml m mipmw 
humate will be converted into oarbomte. Theseerron and itilirrifiti In liir 

method are small and can usually be ignored. 

^ Which must lie free from ammonia; tlm mki nl I* 

usually pure enough. 
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heated for some time over the bare flame, care being taken that the-- 
soil is completely wetted by the acid and that no dry places are left- 
in the lower part of the flask. When the frothing:.Jms ceased (usually 
in about half an hour) 10 grammes of pure potassium sulphate are 
added to the flask and about half a gramme to a gramme of anhydrous- 
copper sulphate (easily prepared by heating powdered blue vitriol in a- 
porcelain basin until it becomes quite white); the heating is then con-- 
tinned in the draught place, the flask being either placed in an inclined 
position or a small funnel or watch glass being placed on its neck in 
order to prevent loss by spirting. The contents of the flask should be* 
kept in constant ebullition, due care being taken to avoid frothing over, 
which may occur in the early stages of the heating. The flask is best- 
supported upon a retort-stand ring, its neck passing through a smaller 
ring, and it is advisable to periodically rotate the flask so that no frag¬ 
ments of soil may escape the action of the acid, or rather of the acid- 
potassium sulphate.^ When all black or brown coloration disa'^ears- 
(generally in about 1-^ to 2 hours from the time of starting the heating) 
it is safe to assume that the reaction is completed. The flask i^heu 
allowed to cool, about 50 c.c. or more of distilled water added* and 
a cork carrying a separating funnel, delivery tube and inlet t^e for 
steam is inserted, the arrangement being shown in the diagram. Fig. 5. 
In the separating funnel is placed about 80 or 90 c.c. of strong caustic^ 
potash solution, made by dissolving “ stick'' potash in its own weight 
of water and boiling the solution for some time to expel any possible 
ammonia. This solution can be prepared in considerable quantities^ 
and kept in a closely corked bottle. 

When the apparatus is fitted up as described, a measured quantity 
—25 c.c.—of decinormal sulphuric acid is run from a pipette into F 
through G, th,e cork being loosened to allow of the escape of air. B 
should be disconnected from A at the rubber joint E and the water in 
B heated to boiling. In the meantime the 80 or 90 c.c. of potash solu¬ 
tion in C are allowed to trickle slowly and with frequent shaking, or 
better, rotation, into A. The copper sulphate affords a good indication 
of the amount required. When the solution is alkaline the copper is 
precipitated as blue copper hydroxide, which, however, is usually 
quickly converted into black copper oxide owing to the heat evolved 
by the action of the potash on the sulphuric acid. Care should be 
exercised, lest frothing takes place during neutralisation. When an 
excess of potash has been added, the tap of the separating funnel is 
turned off' and steam from B is admitted by connecting with the rubber 
tube at E. The lamp under A should only have a small flame, lest 
bumping, due to the presence of the solid matter in the flask, be pro¬ 
duced. The flame under B should be of such a size that the pressure 
of the steam is sufficient to raise the water in the vertical tube some 
8 or 10 in., due attention being, particularly at first, directed to* 
the prevention of frothing in A. The flask F should be surrounded 

^ The object of adding the potassium sulphate is to allow the temperature to be 
raised to a higher point than is possible with sulphuric acid alone. Indeed, the 
liquid in the flask at the end consists essentially of fused potassium hydrogen sul¬ 
phate. 
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- with cold water in order to condense the steam coming over. This 
method works very satisfactorily and the ammonia is entirely driven 
over in about half an hour, and- there is little risk of bumping or suck¬ 
ing back. 

When the operation is over, the rubber at K is disconnected ; the 



A is the flask in which the soil has been heated with the sulphuric acid. 

B is a similar flask containing water and a scrap of granulated zinc so as to en- 
e a steady evolution of steam. This flask is fi.tted with a safety tube so that the 
ssure in the apparatus can be determined at once (by the height of the water in 
! tube). 

C is a separating funnel, bent so as to fit properly, and containing the strong 
Lsh solution. 

D is a bulb on the delivery tube, with an arrangement for preventing any 
ides of the solution in A from being carried over by the steam. 

E is a 50 or 100 o.c. pipette, which acts as a condenser to some extent and pre- 
8 any standard acid being drawn back if the evolution of steam be suddenly 
ped. 

P is an 8 oz. conical flask, 

Q- is a tube shaped as shown and filled with glass beads through which the 
lard acid has been allowed to run into F. 

7 
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cork is loosened from F ; E and G are rinsed out by distilled water 
into F; a little (one or two drops) methyl orange solution is added ; 
and decinormal caustic soda solution is run in from a burette until the 
red colour just disappears. The amount of ammonia and hence of 
nitrogen is then easily calculated from the amount of sulphuric 
acid which has been neutralised by the ammonia carried over in the 
steam. 

The method gives the nitrogen existing as organic matter and as 
ammonia in the soil; it also probably gives some, at least, of that exist¬ 
ing as nitrates, but if nitrates are likely to be present in any consider¬ 
able quantity, about a gramme of salicylic acid or benzoic acid should 
be added to the soil with the sulphuric acid, when nitro-compounds 
of these acids will be formed, readily capable of reduction to amides 
and finally to ammonia. 

An example will show the method of calculation. 10*868 grammes 
of soil were treated as described. On distillation into 50 c.c. of deci¬ 
normal sulphuric acid there were required afterwards 27*0 c.c. of 
decinormal sodium hydrate solution. Hence 50 - 27*0 = 23 c.c. of the 
acid must have been neutralised by the ammonia. 1 c.c. of decinor¬ 
mal sulphuric acid contains *0049 gramme of real H^SO^, capable 
of neutralising *0017 gramme of ammonia, corresponding to *0014 
gramme of nitrogen. Hence the 23 c.c. of sulphuric acid correspond 
to 23 X *0014 gramme of nitrogen, and this was present in -10*868 
grammes of soil. 

The percentage of nitrogen is therefore— 

23 X -0014 X 100 % * 

10*868 

Direct estimation of humm. —A method originally proposed by 
Grandeau ^ is based upon the solubility of humus, or rather, humic 
acid in ammonia. About 10 grammes of the soil are treated with 
dilute hydrochloric acid (containing about 1 per cent pure acid) until 
air lime and magnesia are removed. Then the acid is washed out by 
water and' the soil residue is treated with about 15 c.c. of ammonia 
(strong ammonia diluted with about its own volume of water) for three 
or four hours ; the whole is then filtered and the residue washed once 
or twice with dilute ammonia. The dark-coloured solution is then 
evaporated in a weighed platinum dish, dried at 100° and weighed. 
The contents of the dish are then ignited and the organic matter thus 
oxidised. The loss of weight on ignition is the amount of humus 
or rather, of humic acid. The phosphoric acid in the residue may 
be determined in the usual way, and, according to Grandeau, affords 
a good measure of the available phosphoric acid of soil. 

Determination of the silica, alumina, ferric oxide land total potash, 
—3 or 4 grammes of the finely divided soil are weighed out accurately 
into a conical flask, 20 c.c. of strong hydrochloric acid are added, and 
the whole boiled on a sand tray for ten minutes, a watch glass being 
placed on the neck of the flask to prevent loss by spirting; the flask 

^ yide Analyse des'Matieres Agricoles, 1897, Vol. 1,141. 
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is then placed on the steam bath and digested at 100° 0. for forty-eight 
hours. The liquid is then diluted and filtered, the residue washed with 
hot water, dried, ignited and weighed. 

This is reported as silica, though in many cases it doubtless still 
contains some refractory silicates. The filtrate and washings are eva¬ 
porated to complete dryness in a platinum or porcelain basin on the 
water bath, the residue heated over a flame until thoroughly dry and 
the organic matter charred or burnt, cooled, ‘moistened with strong 
hydrochloric acid, taken up with water, and filtered ; the I'esidue is 
ignited and weighed, its weight, “ soluble silica,” being added to the 
other “ silica,” already separated. 

The filtrate and washings are made up to 100 c.c. (or 250 if more 
convenient). 25 c.c. (or 50 if from 250 c.c.) are then taken, boiled 
with a few drops of nitric acid, in order to oxidise the iron, and mixed 
with just sufficient ammonia to neutralise the free acids present. A 
slight excess of ammonia is then added and the whole boiled until the 
free ammonia is nearly all expelled. The precipitate is filtered off*, 
washed, thoroughly dried, ignited and weighed. The weight is equal 
to the ferric oxide, alumina and phosphoric acid present. The aggre¬ 
gate weight of ferric oxide and alumina is then obtained by deducting 
the weight of phosphoric acid, calculated from the results of its direct 
determination {vide p. 100). 

Another portion of the filtrate from the silica is taken for the 
determination of the total potash. This can be done conveniently 
and accurately by Tatlock’s method. 

25 c.c. (or 50 c.c.) of the hydrochloric acid solution are placed iri 
a porcelain dish, and platinum tetrachloride in sufficient quantity to 
convert all the potash, soda and magnesia into double chlorides is 
added (in general, about 0*3 gramme will be sufficient), and the liquid 
slowly evaporated on the water bath. The residue is washed, first 
with a little platinum chloride solution, which dissolves and removea. 
sulphates, phosphates, etc,, also the double chlorides of platinum with- 
calcium, sodium, magnesium, eto., and then by decantation, in the 
dish, with alcohol (96 per cent, not methylated), the washings being; 
passed through a small filter. When the washings are colourless, the^ 
precipitate, which should consist of bright orange crystals, is washed 
with alcohol into a weighed porcelain crucible, and the alcohol poured 
off as completely as possible through the filter. The crucible is then 
placed in a warm place for a short time, heated in a steam bath for 
two hours, and then weighed. The small filter, which should only 
contain traces of precipitate, is then burnt in platinum wire, its ash 
added to the crucible, and the whole again weighed. The last increase, 
is taken as being due to 2KG1 + Pt. It is calculated to KjjPtCl^. and 
added to the weight of the main quantity of the precipitate. From 
the sum of these weights the amount of potash in the soil can be cal¬ 
culated, knowing that 94 of potash (KgO) correspond to every 485 of 
the double chloride. 

This method works very well and is a great saving in time and 
labour over the old method requiring the preliminary removal of the 
iron, aluminium, lime and magnesium. Unfortunately it prevents the 
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simultaneous determination of the sodium. Owing to the high price 
of platinum, this method has, nowadays, often to be replaced by the 
perchlorate method, for details of which a book on quantitative 
analysis should be consulted. 

The so-called '‘total potash” obtained in this way is not necessarily 
the whole quantity of potash which the soil contains, for hydrochloric 
acid does not remove all the potash from silicates. 

If the real total potash be required, it is necessary to analyse the 
residue insoluble in hydrochloric acid, exactly as is done with a 
mineral silicate. However, the potash in a soil, insoluble in hydro¬ 
chloric acid, is probably unavailable to plants for many years to come, 
so that its determination is not often of importance. 

Determination of “ total ” phonphoriG acid .—This can conveniently 
be done in the poi’tion of the soil taken for determination of loss on 
ignition. The residue in the platinum dish is treated with strong 
hydrochloric acid, digested for some time, evaporated to dryness, and 
heated to render the silica insoluble, moistened with strong hydro¬ 
chloric acid, taken up with water, filtered and evaporated with strong 
nitric acid. It is again diluted and mixed with excess of ammonium 
molybdate solution and allowed to stand in a warm place for eighteen or 
twenty-four hours. It is then filtered, washed by decantation with dilute 
nitric acid and once with water, then dissolved in dilute ammonia 
(filtered if necessary), mixed with “ magnesia mixture,” ^ and allowed 
to stand twelve hours. The ammonium magnesium phosphate, 
NH^MgPO^, is then filtered off, washed with ammonia, dried, ignited 
slowly and carefully, and weighed as Phosphoric acid may 

also be determined in a portion of the hydrochloric extract of the soil. 

Determination of the lime and magnesia. —Except in some few 
cases, the amount of these constituents is so small that they cannot be 
accurately determined in the 3 or 4 grammes of soil taken for the previ¬ 
ous determinations, especially as at least half of the solution will have 
.been used for determinations of iron and alumina and total potash. 

It is usually advisable, therefore, to take 6 or 8 grammes of soil, 
ireat and digest with hydrochloric acid as before, remove the silica, 
ferric oxide, alumina and phosphoric acid as before from the whole 
solution, then to the filtrate from ferric oxide, etc., to add ammonium 
'Oxalate, allow to stand twelve hours, filter, wash, dry, ignite in platinum 
^crucible to constant weight and weigh as calcium oxide. 

The filtrate from the calcium oxalate is freed from ammonium salts 
hy evaporation with nitric acid in the usual manner and the magnesium 
precipitated as ammonium magnesium phosphate and weighed as mag¬ 
nesium pyrophosphate. 

Determination of the amount of calcium carbonate. —A direct 
determination of the amount of carbon dioxide evolved on treatment 
with dilute hydrochloric acid is sometimes advisable, since for many 
purposes the lime existing as carbonate is of more importance (as 
regards nitrification, for example) than the total lime, some of which 
may be as silicate. This can be done by any of the ^usual methods, 

’ A solution containing magnesium chloride, ammonium chloride and ammonia. 
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either by receiving the evolved gas in weighed potash bulbs, or, if 
its amount be large, by determining the loss in weight of an apparatus 
in which it is generated and from which it can be wholly removed 
by a current of air. Details of these methods will be found in any 
manual of quantitative analysis. 

Limitations of Chemical Analysis. —A complete chemical analy¬ 
sis, though of service as giving the limits of the plant food which a 
soil can provide, is often of disappointingly little use and frequently 
affords no information of value as to fertility or manurial requirements. 

A good example of such failure is seen in the following analysis of 
two soils from pasture land at the Experimental Farm at Garforth, 
made by the author in June, 1900 :— 



Soil A. 

Soil B. 

“Fine soil” contains— 

Moisture. 

3*13 

1-70 

Loss on ignition ...... 

10-85 

7*79 

(Nitrogen. 

0-274 

0*247) 

Insoluble matter. 

07-^8 

80*28 

Ferric oxide and alumina (Fe^O., and AlgO.,) 

15-61 

8*16 

Lime (CaO) . . . . " . . \ 

0-29 

0*13 

Magnesia (MgO). 

0-31 

0*21 

Potash (K.jO). 

0*86 

0*48 

Phospboi'ic acid (PoOg) .... 

0*15 

0*12 

Not determined (soda, chlorine, etc,) . 

1-42 

1*13 


100 00 

lOO'OO 


From these figures it would appear that soil A is better provided 
with lime, potassium and phosphoric acid than soil B, and inasmuch 
as there is also more nitrogen present one would conclude that soil B 
would receive much more help from phosphatic and lime manures than 
. soil A. 

Actual practice shows exactly the opposite, for it is found that 
basic slag produces a large increase and great improvement in the crop 
on the field from which soil A was taken, while the field from which 
soil B was derived does not respond to applications of basic slag. 

From such disagreements between the results of chemical analysis 
and actual farming experience, which are often met with, it is evident 
that to know what a soil contains is not sufficient to enable one to form 
a judgment as to its fertility; one must know, in addition, something 
about the state of existence of the important items of plant food-r— 
must know, in fact, the amo'imts of these tvhich are directly available 
to the'plant. 

Many methods of extracting soil so as to obtain some measure of 
the phosphoric acid and potash particularly, which are in an assimil¬ 
able form, have been suggested. One of the most successful is that of 
Dyer.i method is based upon the extraction of the soil with a 

^ Jour. Chem. Soc., 1894, Trans., 141. 






1()0 analysis i UtS nf Y. 

I. por (^euit solution of oitiif' ytvnl, v.lorli I li*-aifny! ilj,^ 

aveuu^i;t‘ Jioidil.V ctf ai to- o-hiV. ;ui»i lun? h-ar, nf ;i Ijhy*' 

nunil)(‘r of phints oxainin«‘«l lo. lono 

Tlio niothoji is ihu^ caiii-^i “oi : ‘fUti ^fKuiuo-- m1 \]\r ;i3i lijn-il 
soil wiiit'li tuts I'.iissiMf f}jf* JO;iJs'lo**’I»•'« jij*\ ViOliMiji 

treat-nioni, pla.<*(*<t in a Oa-J. nr ImfU*-, fn-nu~4 %m!Ii ifnifli r.r. of 

wator conta,inin|^' 21-^ ^o'aniinrH oi pui#' mv|.o’]r-r4 fifiH- aral. lln- 
two aj’o loft in c*ontafi. mi ••43^1,0*;^ Imj- sj-vi-ii 

days a.t ila* or<liiJary f#*ni|w'i'atno- m iIim iiiho?an j-; . I’la- lii|iiid i-M 
ihtai filttOHal. host, tliron^dni 1 »n«‘lii}»n" nui^oiaov'' or |Mirrlani Inniii*! 
wiili paraJIol sidos and piolMrand ha .•'.!,?, ih»' ;od ?*! ii l?ln-r 
/;00 CJ'. of tla* lilliat*- aro lalno* an fla- >i»-n'i!jnn:iloin of lli*^ a’iailaiii*' 
potash and a liko (|tiaf3?if;. ho tlo* |.hM^.|,hnnr arid, 

'Thoso two |.(jrta*nH ar»' *'\j»|-.Mru!*-d Im drua-’^n ural rrnU^ iiiiuli-d 
to d('st>‘o\ (Ji'^nuiir mallei-. i h»' | Hiir-ti ;os4 ylaarid arr ihi’ii 
dot(‘rn}iiH*d rxarfly alirail) dr-n dsi'd, 

Thai, tliis iiirfIio«l of dt-trifiofoin;^’ thr |M!a4:j and plar*.- 

phorio ac.id affordH valnaitlr fndp i?4 jnd;jjni’ ri ijr/l.ahl*- iril3!it\ i% 

sljown hy its appljoa!a»n n? thi- ••-;»,hIh lsa\-r }if*i*n 

givon. 

The* rastdis wrrr as fril|i»A^r% 

-0 V .'--il II, 

Yn < iKlOn 

>'0in ,, 

It is tfillH ovidrijt fliat, ho far io* pila^di rr»iir.'!0'i?rd„ llir* two +%iii|h 
an* almost alik**, lail thai sml ,\. roi-jiaifang iiior** ioliil p!iii»»- 

])horio iW’Jd tlain Ih I'ofitiiiiis 1#*^,^ ilian as iiiiii"|i in an ii%ii.ih 

ahio form. I’In* lifmofiinHl of ha*«ir on m ihun ojihiIv 

!md(*rsiood, Hcd,l 11 Pipiiljuiiihg iin alaniirlaiit**^ of ,ai.ailal.ilr iilirr^plmir**, 

1 poii’ilH ciiit iiail /■.■''.».« llifOi 'llj pi4 rmf m/ n oid-»'|.|jlr |*/n!is|4iNi'ir 

aeifi in n mfl! ^ndipnh''^ Ihnt «i Mtandn m ueni f»/ fdinapkaiu' 

ftmniirm, Wilii rrfromrr tn thp liiinl for ilir ii%'iiilnliir flyrr 

thinks, thoiigli hr f*x|irrN^rH nun** in ihi^ criisr lliiiii witli ilii* 

phoHphorie anid, tlial mntnnnnn murk Irm limn 'fllfi irr trni 

(wmlahk iMitmh mptifr nppimiinm n( imiUiMh mnmtrfM j 

** Availahlo jdiitil fwwl in it% hi ! Hrr'n inrifioih 

is ii!i(lDiihtf*dly II %’iilniilili'' rtii^llawi of gitiiniiiii iIp’' frlatiA’i' f**iiilsi.\ of 
soils which midi*f sitnihir fdiiiialic coiMlitiori^* %ii l%r its !}p*,fi' r 
ot. supplying |rfili4wb find plio.^|itioric iti.fif| ih nnmruriml. Iiiit flir iiriiorT 
expcricticf! liit« led Idiii In corifdiidr lliJit. t}i»*'rr is itiifjflirr iiicirir tilnrli 

|i»|w*r|Prri»% Hm-. Ifmi, ll| Ihtt iirsf h»rorrid 

the lirnit arnotiiiK dirfli’ii-pfiy in plifMpl»*ap* i* mill mpi tl o:i jrr r»iil 

Hi I per 0*11 fc rilrir » 4 nliwfi, fn t'lffniH* 4 *#* 

limit wotift! prnirilily l*t» iiinlirr, 11*111 |i**r f »frii 

of pote^aim in | |^r rtni p||ri«’mri4 prrImMv r#*^|iiiir ir# Imf utiidlrftfOpfi 

of po!«h iriftiiwrits, i . * »i 
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j^n’eatly influences fertility, and that is Uu* rate* at vvliicli iiie “ avaJh 
able” matter is renewed by the proc(‘Sses of weatheriii^ whicih oeetu 
in soils. 

This occurs with consi(h‘rabhi rapidity (‘V<*n in MnL^hmd. for it wan 
found that a soil, which had laam depriv(*d of tin* potash and phosphorite 
acid soluble in 1 ])er cent solution of citric acid, exa,ctly as in I )yer’s 
method, after a few months a^^ain contained (piitte a lari^t^ pro|ioriifiii 
of the same materials {;xtractal)Ie hy 1 pfo* cent citric, acid solutioin^ 
Plants sown in such soil ^n*(‘w vtuy slowly at first, Irut laUu* on, prtdaihl) 
because of the ^n-adual production of “ available* ” phuit food, tliey orew 
much Ijetter. 

Ill warmer climates, the rate* at which potasli atid plios[>hor‘ic, a.cJd 
become available is ))rof)ably gn*ahu- than in hhifjfland, a,nd this is pitth 
ably why soils of such apparent ]K)vt‘rty (on analysis) a.i’c aide fo 
produce fair crops. This is very n()ticeui)l(i iti Soiitli Afritai. a,nd also 
in India. 

Many other methods of dtdenninine tint availaldr* plant foot! ijj 
soils have been proposed, in wliich w(‘ak solutions of liydi’ordilori^^ aedd, 
carbonic acid and other substances arf^ used as solvent, hut carefid 
investigations havti shown that all the.sf*, methods, like that of 
yield empiric residts. 

At present, tlierc-fon*, it cannot he claimed that an\ inetiifKl linn 
l)een designed which will (haermimi dir(*ctly the a,mount of phud. food 
which a given soil is ca])al)lfi of yiehling to ])huiiH. NevnuthelcHH, 
Dyer’s method and ptu’haps sonuj of thos(^ in vvhicli aqneouH Hohitionn 
of carbon dioxide are usf*d as Holv(*nt, afTord useftil imhciitirms of tin* 
relative powers of soils to supply tin*. rnin(‘nil retjuireimmtH of «*.ropH 
under similar conditions of tf*mperatun^ and humidity, fllu* 
obtained by the application of such inetfiods are, in rurmt <*aHeH, mncJi 
more in accordance with thf*. indications of actual field trials, than tin* 
figures obtained hy a “com])lete ” analysis of the same soiL 

Determinations occasionally made. A few other coimtifnenlH 

nmy require determination for sp(?cial purpoH(‘s 

iJetermumUon of Hulphuric acid. Sulphur is found in jt soil as hu! » 
phates (most frequently calcium .sulphate), in organic (^ortipoiimtH, and 
occasionally also as Buiphides (c.f/., iron pyrit(*H). l^he Hidphttric ac/id, 
existing as such, may be (h^tmatuned by <iigestiori of thf* soil with flilut#* 
hydrochloric acid, filtratioii,and ])recipitation of th<* soluticnj with hiiriiirn 
chloride, in the usual way employed for sulpfiurifj acid dfderniiriaitciiiH, 
The total sulphur may In* suf1icit*ntly \v(‘II fif^iertnim^d hy fligestifiii 
with concentratfid nitric aciri for six JiourH, diluting with water, filter * 
ing, and precipitating thfi filtrate with barium chloridi*. 

Detimnination oj iiltnUeH. .The amourtt of nitrates prf*H«*ni in a 

soil at any given tinui is usually viut smalh 

^ If a determination In* rcNjuired, it is important that the sriii be air- 
dried^as soon after its collection as ]inHHihle, oihf*rwific* the |iroceHH of 
nitrification may continue and increase thf*. amotmt of iiitmteM, It 'm 
advisable to acc(.*k*rate the proc<»Hs of dr}*ing hy heiitifig tin* hoiI to «lfh 

1 Jour. Chem. So *., im)B, Tmrm., 45. 
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or 40° C. and drawing a current of warm air over it. An arrangement 
which the author finds very convenient for drying soils before analysis 
is described on p. 93. With this apparatus the operation can be 
rapidly completed without the possibility of contamination by dust 
or products of combustion, and with little opportunity for nitrification 
to appreciably increase the quantities of nitrates in the soil. 

From the air-dried soil the nitrates are extracted by washing with 
water. Many methods may be used :— 

1 . 1000 grammes are treated with 2 litres of pure water and al¬ 
lowed to stand for forty-eight hours, with occasional shaking. 1 litre of 
the liquid is then filtered, mixed with a little pure sodium carbonate, and 
evaporated to small volume on the water-bath, any precipitate which 
may form being removed by filtration. 

2. A cylindrical funnel is made by removing the bottom from a 
'‘Winchester quart” bottle, placing a disc of copper gauze on the 
shoulder, and covering this with two filter papers. The bottle is then 
connected by means of a cork and tube to a filtering flask and from 
200 to 500 grammes of dried soil are placed in it, resting on the paper- 
covered wire gauze. Water is then poured in until the whole of the 
soil is moistened, small quantities of water are added from time to time, 
and the filter pump started gently. When 100 c.c. have percolated 
it may be assumed that all the nitrates are removed (Warington). 

In the extract obtained, the amount of nitric nitrogen may be 
determined by one of the following methods:— 

1 . The rechiction of the nitric acid to nitric oxide and the measure¬ 
ment of the volume of this gas. 

This can be effected either by— 

Schloesinfs method, in which the nitrate is treated with ferrous 
chloride and strong hydrochloric acid— 

GFeCl^ + 2 KNO 3 -t- 8HC1 = GFeCl^ + 2KC1 + 4 H 2 O + 2NO, 

or Crtm-Franhland's method, in which by the action of metallic 
mercury and sulphuric acid the nitrate yields its nitrogen as nitric 
oxide— 

6 Hg + 4 H 2 SO 4 -i- 2 KNO 3 = SHg^SO^ - 1 - K,S04 + 4H,0 + 2 NO. 

This latter method is vitiated if any appreciable quantity of organic 
matter be present. The former method gives good results, even in the 
presence of organic matter. The Crum-Frankland method can be 
conveniently carried out in Lunge’s nitrometer, for a description of 
which any treatise on quantitative analysis may be consulted. 

2. The reduction of the nitrates to ammonia and the subsequent 
determination of the amount of ammonia so formed. . 

This reduction is brought about by the action of nascent hydrogen, 
which may be generated by— 

(a) An oxidisable metal in presence of an alkali. 

(b) Action of a metal on an acid. 

(c) Electrolysis of water. 

In all cases the main chemical reaction is the same— 

HNO3 + 4H2 = NH3 + 
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—one molecule of ammonia forme<l froiii out* molf^nile of iiifrio 

acid. • • I 

The ammonia formed is then eHtimat(‘d by distuiatum with an 
alkali and reception in a measured (|uantity ol standard arid, the 
amount of acid neutralised being aftcn'wards determim‘d by titration 
with standard sodium hydrate (*xacily as in tbt^ Kjeldald process tm’ 
total nitrogen. 

In some cases, where (piantity of nitrate pr(‘Ht*nt is Hinnlb the 
amount of ammonia formed is estimabul by the well-known Nessler’s 
method, as used in water analysis. 

3. The prodnct'um of a colour with certain un/anic HulKslaiiccs in 
•presence of mhphurk acid and the comparisiyn <f the depth of etdonr 
prodmed 'with that fo'rmed by a known amount of pure •potaHHUtvi 
nitrate under like Beverai suhstaiiccs give (diarael^ulstie 

colours with nitrates and may l)e uw^d for th(^ d(?t(*rmination, tije most 
generally used being carhazole or (li])henylimide, ((^).jNfI, whiclt 
in acetic acid solution gives a deep-green coloiution witfi a nitrate; 
phenyl-sulphuric acid, which yiedds picric acid, 

C(.B[ 2 (N 02 );j 0 H, with a nitrate and, on th(j sul)He(|uent adtlitioti^ rd 
ammonia, gives an intense yellow coloratioti; anti hrutunt*, 
02 J}H 2 ,}N 204 . 4 H 20 , which with strong sulphuric acid and a niiratr* yields 
a characteristic intense red coloration. 

Determination of a^mmniia. .-If a determination tif ammonium 

salts in a soil be desired, distillation of a wtdghtal tjuantitv td' the soil 
with pure water and magnesia is perforrtHsl, the ammonia evoivt‘d 
ingreceived in standard sulphuric acid. Magnttsia istmiployetl Insteiid 
of soda or potash because it has not, liktj these alkaliem, the powtu’ of 
setting free a portion of the*, nitrogem (as ammonia) from organic nitro* 
genous compounds. 

Determination of Nitrites are*, as has lieem shown in 

Chapter IV, an intermediate stage in the. conversion of organi<5 or 
ammoniacal nitrogen into nitrates. Their presence in a soil may some** 
times be detected, but only minute quantities are usually prenent nnlesM 
the activity of the nitric organism is not so gn*at as that of the niiroUH 
organism. 

Many delicate reactions, mainly colorimetric ones, can lie usetl for 
their detection and estiniatiom Metaphenylmie diamine, (',,H |C N 
gives with nitrous acid an intense yellow coloration, and this cailorn* 
tion, developed by heating, is com pan a I with that ofUained by the une 
of a known quantity of a nitrite. 

A more delicate test, not so ri^adily inU^iIVred with by tin* yelkwv 
colour which the soil extract may pOHst'SH, is tlie addition of a mixture 
of sulphanilic acid and naphthylamine in a<;etic acidd This giv«*s, wiili 
minute traces of nitrites, when warmed to 7Cf or H(T', a red (mloratioio 

The reaction is due to thf*. following changes 


^ Griess, ZeitHch. aiml. Chem., 18,1197. 
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or siilplianilio arid. / ^ ' 
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un]^li'lh%lnru'in hiniu^ 

C „ 11 „N H„.N : N (H J l>'t 1 . ii( list 


This coinplox <H)in|K»nnfl ntd h tin* 

cause of the rcsl {*.o}orati^Ui. 

AiiotlKS' i’(*a(tiion lor iiilril*'**. mI I'Mis'-oris-iiihj*-li.Mjile 

to int(5ff(‘renc(‘ i>v thi* uf !li«' hlt^'rainiii of 

iodine from hydriodic acid and its In do- lufituiinm of ibi 

blue coloui' with starcdi. 

AnotlKa* )4ood reaction lor r- tin- of a liln*- rolriiir 

with a solution in strcaiji Hiil|d}yn«* io'oi oi diptii-n)hiiiiifo", if , II;f.XIL 

Chemical Methodji for AleiitiiiriiiK* llacterial Acti% 1 t>n di tm 
been scum how depoiidoM! npofi th«- of inir'Jo ori^'ani'HirrH b 

the rate at which tin* fu-oanii* matter *»! a ■snil l»or*4iioH in:iilalilr to 
plants. It is tiiim tdivimiH Unit ilio h-ndsH of a ^nl, a 

Kiqiply of nitr{)|,^enous firmanic wi'd le- liy iN 

hacteriolo'.fical conclitioii. To at wn\ flit- niiiiib«*r; 

characUu’ and activity of the iriicro.orifarm-roH m a v,-oi! c. n ilifikaill 
task and Ixdoni^s to tire ilomiim of lit*' lailirr ilisin to 

that of the chendst. 

Certain direct c.hciiin'al niotliod'*^ ol ill*- |,*rnli|i;iii, Iniwi-w; 

have h(‘c*n devisf^d hjhI itro ca|mhi»^ of 5i*d«||ii|^» iiHrlnl inforiiiiiikHi. 
KushcH ^ has proposed to iiipiihhio liie total I'cirloriiil aiii.vil% of it ‘«ciil 
hy det(;*rniiidt)g tine rate at whicli i>» iiln*irlw-t| frnrii n tywttii 

volume of air confhif*d in coriliie! willi a of llie miiI tl 

a definite temperature. 

Ashi)}'^ has deHcnlied a rd iIp’ coiii|iinitive 

nitrifying power of soils, flrieflv, it iti ''He**i|iiig *' willi ll’i 

gramme of the soil, IfMt c.in of a rriiilaiiiiiiii ji»r 

litre— 


PofcaHHiuiii dihydrr»tl*'U 
MagncHiiun Htilptiate 
Amiiioniuni Htilphfttf? , 
Ferroim Muiphiila , 
Bodium ciiloridc . 


ci tf.'i gruiniiifl 

n 

oi 

0 


This can be most eonveidently kept in it siiltilion hitii 
strong and diluted m retitiirwl. Hlfl ir.e. nf lliis sieriliw#^4 are 

placed in a clean llaHk, fl'‘J gtiiiiimi* of llie miiI iiiid C|-2 uriitiiiiie nf 
sterilised prc»cipitated ealedtirri carltfifiiile iii|i|f*iT tlt»* tln^^k chwed by » 
plug of cotton wool and iricmbateil at 2!d' io *lfb C, 


* Jour. Agrie. BcL, 11105, ^01. 

^Jour. Chum. Soc,, Tmiw,» IIMII, ^ 5 , mni 4 eiir, 'S, I till ^ g, .Vi, 
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Periodically, a few (lro])s of tin* licjuid ai*(‘ takeii from the flasks 
and tested for nitriti‘s hy irH*ans of (lijihenyianiine juid stron^^ sul 
phuric acid, or starch ])ast(‘, potassium i()di(h‘ and dilute sul|iliuri(^ acid. 
When most of the; flasks siiow a distimtt nitrite rea.e;(.ion, i>r n,ft<‘r, sua , 
thirty days’ incul)ation, the; amounts of nitro^^em pre'seuif in an aJiefUot 
portion of the*, liquid as(Ij nitidte*, (2) nitrate*, and Hi) ammonia sue* 
determined. In this wsty, the*. rf*hi,tiv(* nitrifying |)o\ve*rs of si Herie*s eel' 
soils iruiy l)e dedeuTnineal. Ashby st;it<‘s that he* ne‘ve*i’ fonnel, in Ins 
experiments with Koth}imst(*d soils, siny tnic.e* of nitrite* or rdtrate* pue 
duced duririfi^ the first foinle‘(‘n dsiys’ incubation and rsire*ly be*fore* the* 
end of twenty-one days. With dVaresvsuil soils, bowf‘ve*r, e*xp<*rirtie*ntH 
made under the writer’s direction, in Pre'toria, show{‘d, undeu* c.onelit ieens 
paralled to those in Ashby’s expe*rimt‘nts, fornuition of tdlrites ifi five* 
or six days. As a ride tfie nitrifvinjLt jiow(*r of si srul is p^r(*site*r the* 
lai*^er the amount of niti’o^emous or^suiic msitte*!’ prese*nt, hiit in some* 
of the vlei soils of the Transvsial, wvy rich in or^aade^ nmtte'r, flu* nttii 
fying organisms are ap]>are‘ntfy al)s<‘nt, for a.fter suhlition of (uih'inm 
carbonate no nitrification of ammonium sulphsite* eK!(airre*d, eveui }ifte*r 
sixty days’ incubation at dfrfk 

The writer is of opinion tliat in soils of te*m|je‘rHte climate’s the* pro 
grass of nitrification is generally Iimit<‘d ley tlie; U*rnpe‘ra,ttn*{* hedng Um 
low, wliile in hot countries it is rath(*r the* ahse*n<'e* of luisic, rnute*r‘ial 
(lime^ or magnesia), and, p(*rha])s, ofU'n of moisture*, iluit limits the* 
rapidity of nitrification. 

.For anotheu’ nu^tfiod of determining tlie; iutrif\ing e'frade'nc) of Hteils 
rzVZc Btevens and Withe‘rs, IbS. I>(‘pt. ed'Agrie;., ibilb Id2, IH'lOj 


Interpretation of the Results of Analyses of Soils. 11 a* re sulfs 

)f an analysis of a soil arc* usually f‘Xjjr<‘ssed in the foileewing 


manner — 

1. SfconoH reiaiiied by 8 milliincitn? .nie've* .... pere'i'at. 

Tfie air-dry “ fine noile-outaiuH: -. 

2 . Moisture expelled at JOO" (’. 

S.^' Lo.ss on ignition.! . 

4. Insoluble matter.[ ! 

5. Iron oxidei and ahnnina 

B Lime.' " 

7. Magnesia..* * * 

B. Potash.* . 1 ’* 

0. PhosphoruH iHiutoxide* 

10. Total. 

11-'* (Jontaining nitrogfii.. . 

12. “ Available* ” potash ** 

M pbosphorns jHiiitoxicIci . . ! ! 1 

already (icnn an vvidl », 

the methods of which thiiir aiiiomits an? dcteiiidiicd. A few woids 
may, however, be sahl as to Die dediictioiis wldefi iiia\- he made from 

the results expressed in this mannc*r. 

1. reimnrri hy H miUinwtn nmr. ThiH item is Hiihject. h* 

enormous varuition. Kxcept in tenacious, heavy Hoils, as a rule, the 

‘ Abstract in Jour. Soc. Cbern. hid., lOUi, |‘iU2. 
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smaller the perceniaK^*^^ sUhh'h |.ri-.riif, m a muI ihr^ lll•!t..|, ihmigh 
their presence in cmlain nHi*ful in flir M,ii ifmre 

poroiiswind open. In tin* Tnins%^aal tlir ii. n riil*^ |■..||||u.k. 

ably free from stones. In sunie ^n-avell%- hoiIh, r.fi ihr i,ili.^i liimcl, 

stones may Ixi very nuinerons. Ah pliiul 


practically nsele/ss. 

2. Mokhtnx —This, (ietennnn'Hi <»ii Itie an viirk^s 

greatly. With sandy soils it is n-Hually iIh' |irrHi*iic.|. 

large aniounts of hniitus (ar {day tefaln l,f» {'ay-H,* n u* !«■’liiglpy . A« a 

rule, a high contmit ol moisture is 5iei'oiop4m*’*l l>\ ii Ii4di |^*ie»’iitiig|i 
of organic matte.r and of total ui!rog*ni. 

3. L(m <i}t. itjnltidfL -This imduih-s iliiyorgiiijie^ liisiitr-r mid r«rmi. 
bined water pnisemt. (’onsei|uei}t-K it is hstdi in soils rfiiiiiimiug limeh 
humus or in thosc^ ritdi in h)’*lrated sila'iiieH lelindh eliiyi. 

4. Imolubir 7 naitrr. This the liiimnal iiiiillm* mineli resiHP^ ilia 

action of boiling strong hydrcHdiltn-ifyieid f«^r forH nighl taiiirs ir»y 
be taken as sand. It usually e{ailasus some rlitlieiiliiy derofii|iii**»|ilti 
silicates, but they must Im lif siudi a ridiiicrtory eliiioieter Itiiil lliey 
are useless as sources of potash nr lim*» to In hiupH' %«i!-h tl|i 

quantity is higli, sometiirH‘s aimniutiiig to tWi, !IA nr eveii ill i^n'' cinil 
of the total, while in clay{*y soils it usiiiilly riiiiges lumt 4^i fo 11$ 

6. Iron oxide and \dmnimt. -TIish iif'iii ih of iw gmii luijicir^ 
ance as alfecting th(» jiower <>f a soil i?> siij.q4y plniil liiii Hciiuf** 

times, since it deiamds up{>n the eiiiv iireHriii, itlloniH iiHidiil iiiforifiiitbn 
as to the physical pro|>{*rties. 

If sepanite d(*t(n''miimtioi}H of tli** o^nie of iron iii«i itiiiiiiinii tii 
desired, recourse must be. bait loauy of tlio usual of Hifjfiriiiion ■ 

described in manuals of analytical A lii^di ligiir#* may ■ 

result from the iiresence of much f«*rric o^nii* iii tip* mnl m in othtf 
cases it may he dint to a iargi* |ari|.ioitioii of idiiy, If to flic ktter ' 
cause, the soil is gmierally also foiiiiil lo well with fifitaib, 

6. Lime. - “'The quantity given in an rfifif.iiicleil iii% 

includes all the lime presonl as |i}iriH|i|iftie iind Imiiiiii** aiiil 

a large proportion of that cKanirriiig as .silii.^iiie. In of grcil 

importance, jiiTording vahmhie iriformalinit Ui itn* |,i.robible 

and riianurial needs of’a Hoih If its aiiioiiiiil k* ludfm Ct*i j#*'r ceiilll 

may he assumed in most cases Ihiii Inn mg itir snii %critil*| 

but much depends u|ion the rfdiili^’o iifoiwriicifis of llii* 

ents pr^scmt. Thus, in a very siindy seal, miilaiiiifig, oi jrr 

cent ^ of insoJulile rnattmy O'iJ p#*r cent of Itirie \m ii ie|itiiii4y 

large amount, while in a |.s.!aty or «d.ii-yey wit tlic «tfiio |ifurtuit4gc ill 

lime would be cornpamtivcly small. ^ ■; 

In some cases, a determinatififi of' lliit liim* m ratbiiiiile m 

useful. For methods of making such a ii iirtiitiii! <» 

chemical analysis should l>e consiily?iL 

7. Magtmia.—Thm conslitMiml, Ihotigli lo fikiiN, it . 

usually sufficiently abundant in iioils, occurring m car Initiate* ! 

with limestone and also in .many Afiirli work hiin recciilly , 

been done in determining the mmt mito tlic iittioniift | 

of lime and magnesia in soils. This flfqp*ii«k viriwiis ciiciittt- ' j 
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stances, but, generally speaking, it is found desirable that the percentage 
of lime should exceed that of magnesia. 

8. Potash .—This is usually the total amount of potash which can 
be extracted by prolonged treatment of the powdered soil with strong 
hydrochloric acid, and may safely be taken as a measure of the total 
quantity which the. soil can yield to crops for many years to come. 
No doubt some potash in the form of refractory silicates remains in the 

insoluble matter” and may be determined by the methods used for 
estimating potash in silicates, but such potash has probably no agricul¬ 
tural importance. Sandy soils are sometimes deficient in potash, as 
are also calcareous soils, whilst clays and loams are often well supplied. 

9. Phosphoric acid, —This, the total amount of phosphorus pent- 
oxide extracted from the ignited soil by strong hydrochloric acid, 
though perhaps not all that is actually present in the soil, certainly 
includes all that plants are likely to obtain from it. Much of the 
phosphoric acid of soils is doubtless present in the forms of aluminium 
and ferric phosphates, which are only slightly assimilable by plants. 
This is especially the case in soils poor in lime. The phosphorus pent- 
oxide of a soil is often one of the most important constituents in de¬ 
termining its potential fertility. Its amount is generally small, rarely 
exceeding 0T8 per cent, while in some sandy soils it may fall as low 
as 0*02 per cent. Most of the soils of S. Africa are notably deficient 
in this constituent. 

10. Total .—If the analysis of a soil were complete and perfectly 
accurate, this would, of course, amount to 100 per cent. In actual 
practice it rarely does so, and this is easily understood. In the first 
place, certain constituents, e.g,, soda, chlorine, sulphuric acid, carbonic 
acid, manganese and a few others, may be present and are not always 
estimated, thus tending to make the “total” of those determined less 
than 100. Then no estimation is absolutely accurate—in all experi¬ 
mental determinations, errors necessarily occur, and though these 
errors in the various items may to some extent counteract each other, 
they do not often exactly do so. Consequently, we find that the total 
of all the various constituents is rarely, and then only by coincidence, 
exactly 100. At the same time the approximation to this figure is a 
confirmation of the accuracy of the analysis, and an indication that no 
important amounts of any constituents have been overlooked. 

11. Nitrogen .—This is the total amount of nitrogen, whether 
existing as nitrates (always small), ammonia, or complex organic com¬ 
pounds. It is in the last form that most of the nitrogen is stored in 
soils, and from these compounds, a gradual supply of nitrates for the 
plant should be maintained by the action of the nitrifying organisms. 

12 and 13. ‘‘Available’' and jAiosphoric acid .—As already 

stated, no accurate method of actually determining the amounts of 
potash and phosphoric acid which plants can obtain from a soil is 
known. Dyer’s method, although it is admitted that it gives only 
empiric results, is believed to furnish the best measure of these amounts, 
and has been employed in many analyses. 

Many attempts have been made to express the fertility of a soil by 
some figure, generally derived by giving arbitrary values to each of the 
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MANUllINGr AND GENERAL MANURES. 


With reference to the actual plant food in a soil, improvements 
be effected in two ways— 

1 . The addition of substances containing plant food. 

2. The addition of substances which may act upon the insol 
compounds present in the soil and render available the plant foocl * 
contain. 

As to improvement in its biological qualities, little has hitherto 1 
done, but probably in the future, this may be a direction from -vv 
considerable help may be derived. 

The destruction of insect pests, and the eradication of organisnnB 
ducing diseases in crops or in animals feeding upon the land, are j i 
lems w^hich have already been studied with some success. A 
amount of progress, too, has been made in devising means for inoo* 
ing the sfoil or seed with desirable micro-organisms, as witness 
commercial production of “ alinit " and “ nitraginProposa^li 
regulate nitrification by the application of antiseptics, so as to le 
the autumnal loss of nitrates in the drainage, have been made ; 
so far as the author is aware, these methods have not sufficiently c 
mended themselves to the practical farmer to be adopted to any 
on the large scale. 

It is with the improvements in the chemical, state of the soil 
this chapter has mainly to deal. 

These are effected by the application of Manures. The > 
manure has apparently a connection with the Latin manus —a hat 
and was probably used because of an old belief that the main fuxic 
of a manure was, by its fei^mentation in the soil, to aid in the wot 
pulverisation usually brought about by hand labour, Lc., tillage. 

This aspect of the matter was strongly held by Jethro Tull, 
about the middle of the eighteenth century, wrote a book erxti 
‘^Horse-hoeing Husbandry,’' in which he attempted to prove tlifi 
sufficiently tilling the ground, manures might be rendered unneceB? 

Manure ” is no longer used in this sense, but it is now the r i 
.^iven to any material which is intended, by its application to thi€5 
io restore those constituents which have been removed by croppin|^ 
■4ihus to render it possible for the soil to supply another crop "wi 
vsufi&ciency of plant food. 

The constituents of a soil which are most liable to be deficioii 
•amount, and which it is therefore advisable to replenish by man u 
are combined nitrogen, phosphates and potash compounds. 

Manures, therefore, are usually valued according to their rioli 
in these three constituents, though in the case of many so-called mu 
manures, e.g., farm-yard manure, many other constituents whicli 
serve as useful items of plant food are also present. 

Manures are variously classified—sometimes in a somewhab 1 
manner—into— 

1 . Natural Manures. 

2 . Artificial Manures. 

By natural manures are usually meant those produced or; 

^ See pp. 75 and 77. Deh^rain, v%de p. 74. 
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farm itself; they consist mainly of the remains of plants and 
animals. 

By artificial mamtres are indicated products either derived from 
mineral deposits or manufactured in the arts, though the term is often 
extended to substances of animal or vegetable origin which are not 
produced on the farm. In this sense, guano, sea-weed, oil-cakes and 
other substances are sometimes classed as artificial manures. 

Another, perhaps more satisfactory classification, is into— 

1 . General Manures. 

2. Special Manures. 

A general mamire is one which contains all the necessary con¬ 
stituents of plant food and thus imparts to the soil to which it is 
applied a complete store of the nutriment required for fertility. Ex¬ 
amples of such manures are afforded by farm-yard manure, guano and 
most plant and animal remains. 

k sjmial manure contains only one or two constituents of plant 
food, and cannot therefore supply all the requirements of plants. 
Nitrate of soda, sulphate of ammonia, potash manures and phosphates 
are good examples of this class. 

General manures are the safest to employ in practice, especially 
when the manurial requirements of the soil are not*well known, for 
though, by their use, the soil maybe receiving additions of certain con¬ 
stituents which it does not require, such additions do no harm and a 
better crop results from the increased supply of the other constituents 
in which the soil may be lacking. 

Special manures, however, if intelligently employed, possess great 
advantages and are often more economical. By their aid, the farmer, 
if sufficiently well informed, is enabled to supply the soil with just 
those constituents which it most needs, without the waste of labour 
and expense entailed by using materials which are not necessary. 

To regard manures with reference to their chemical composition 
only and to value them exclusively by the amounts of plant food which 
they contain is, however, distinctly erroneous. All manures have some 
influence upon the texture and physical properties of the soil, while 
some also exert a powerful effect upon the activity and development of 
the micro-organisms of the soil, and in these ways produce effects upon 
its fertility, apart altogether from their power of supplying one or more 
items of plant food. / 

But to ascribe the beneficial effect of the! application , of manures to 
soil, solely to thfir physical actioA in altering,its mec^ll&cal properties, 
as seems to have been done recently by certain A!!^rican writers, is 
eontrary to thi experience of many years and to the results of thou¬ 
sands of field trials, and cannot be seriously considered. It is true 
that the mechanical effects of bulky organic manures, e.g.^ farm-yard* 
manure, upon light, sandy soils is often vOry great and sometimes, 
perhaps, as important as their power of supplying plant food. Even 
with concentrated “ artificial ” manures, marked effects upon the text¬ 
ure of the soil are often produced and doubtless greatly affect its fer¬ 
tility. Examples are seen in the beneficial action of manures containing 
Iree lime upon heavy, clay soils, while repeated applications of nitrate 
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of soda to such soils render them more plastic and tenacious and 
generally less suited for the development of roots in them. But to» 
iDelieve that such manures as nitrate of soda, sulphate of ammonia, 
potash salts, or superphosphates owe their efficiency solely to their 
physical action on the soil, seems absurd. If it were so, it is difficult tO' 
see why other saline compounds, not containing the essential elements 
of plant food—nitrogen, potassium, or phosphoric acid—should not 
produce the same effect, for it is highly probable that precisely similar 
X^hysical action upon the soil would be produced by other salts. 

Nor does the more recent attitude assumed by the supporters of 
this American theory, viz., that the beneficial effect of manures is to be 
attributed to their destructive action on the toxic substances produced 
in the soils, either by the growth of the X3lants themselves or by 
bacterial action, seem, as yet, to be supported by sufficiently strong, 
evidence to justify its general adoption. 

It is, however, evident that the effects of the application of a- 
manure to soil are complicated and cannot be adequately explained by 
merely considering its influence in increasing the store of plant food.. 
This last influence, nevertheless, must be of importance, and if the 
store of available plant food, rather than that of total plant food be 
considered, it is |)robably the greatest factor involved. 

The special manures, on account of their more definite character 
and simpler chemical constitution might, perhaps, with advantage, be 
considered first, but the more extended use and greater importance.in 
farming practice of the more complex, general manures justify their 
being given the preference. In this chapter, therefore, an account of 
the more important general manures will be given, to be followed, in 
the next chapter, by a description of the special manures. 

GENERAL MANURES- 

Farm»yard Manure.—This has long been the most popular 
manure used on the farm. It would seem that, inasmuch as it con¬ 
tains the remains of the vegetable substances used as food and litter on 
the farm, it should be a most suitable means of restoring to the land 
the ingredients removed from it in the crops. A little thought, how¬ 
ever, will show that it cannot completely restore such losses. Some of 
the crops are sold ; often these are particularly rich in nitrogen, potash 
and phosphates, and of those eaten by the animals of the farm, only a 
portion is voided as excrement—the animal has to build up its body 
out of the materials supplied in its food. This consumes large quan-* 
titles of plant food, particularly of nitrogen and phosphates. Then, too, 
the production and sale of milk removes large quantities of manuiial 
ingredients from the soil, and though butter contains little other than 
carbonaceous material, cheese is highly nitrogenous. 

It will be advisable to consider briefly the chemical nature of the 
raw materials which go to form the average farm-yard manure. The 
ingredients of this substance may be first divided into two groups :— 

1 . Animal excrements, both solid and liquid, 

2, Litter and waste food materials. 

The excreta of animals consist of the undigested parts of the food 
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liH MAXriMNCJ AN1» C.KNKMAL MXM’llKS. VI. 

Th(*, followiti^ tahh* ainilysrs c»f iIn* (*xeiviiif*ji!s of tin* coaj- 

rnon farm a.niinais and ol man. TIm* ii;4iirps a,rp qiiotml hy Storer ^ 
from analyses Ijy StoenkJuinlt ami Way ; 

PKUCKNTAnK COMPf )Srn()X OK ANBJAP KXi 1tKM KNTS. 


Snliii 





SlUM’p, 

PigH. 

Hornr 

. CnW., 

Mrii. 

Slii'rp. 

Vm,. 

llur.r*.. 

Chwh, 

Mni.i 

Water . 

5H 

HO 

70 

Ht 

75 

Hfp5 

07*5 

MOO 

02-0 

! 

07*0 

Solid matter . 

-12 

20 

24 

10 

25 

i:i-5 

2*5 

IPO 

H-0 


Anh 

0 

n 

a 

2*1 

2*‘J 


PO 

;i*o 

2*0 

po; 

()rganie matter 

m 

17 

21 

i:po 

22*1 

tf-O 

P5 

H*0 

r.-cf 

2*0 ' 

Nitro^U'n 

0-75 

o-r. 

0*/i 

o-:i 

P5 

p-i 

O'd 

P2 

O-M 

0*G 1 

PhoHphoruH pent* 











oxide . 

o*r> 

Olfi 

: o*;Ci 

0*25 

PI 

0'05 

0*12 



0*05; 

Alkalio 

0*:i 

oa 

i o*:i 

in 

■ 0*4 

2*0 

0‘2 

P5 

1*4 

i 0-15j 

Lime and mai^neHia 

Pfj 

0‘d 

o*:i 

0*4 

' (PH 

0*0 

ii‘m 

0-H 

0*15 

' 0*03i 

Sulphur trioxtde . 
Common mlt 

0-1 f» 

0*0.6 

0 05 

0*05 

0-05 

(M 

0*05 

0-15 

0*15 

crop 

0*026 

O'O/i 

■ traee 

OflO.t 

, tHiii 

0*25 

0*5 

(P’i 

(M 

O'O : 

Siliea . 

:i*2 

PO 

2 0 

1 ‘0 

CM 

iriP’r* 


0-021 

1 CI'Ol 

.. 1 


From thc! prcaatcUn^ tables, it wilt be seen tliriA the, excsreinentH of 
th(i Hh(s.s]) an? le.ss watery than those of the other aniinals, whiitj the 
Holid (‘xcrement of the cow and the nrine of pi^s are rkdiest in water. 

Otfier {Uialyses of the exe.renientH of horses and laiWH have laarri 
published hy iiouHsingauli and hy Andoyiynid and Xaehiirewkz,’-^ 
Tim resnlts, {‘Xpressed in percf*iilft^a*s, were as follows r. 




AnU‘«vfiiei5l iiijsl ZiirlniO'wi**/. 



Xitre;^»;je 

Petadn 

Ple*-4|4e*r^«"i 

prittoxi'ir. 

' KsifogrlJ. 


lliosplienw 

I'.iisil.iixidi*. 

Cow urine . ; 

1*12 

pan : 


CPU# 

1 'M'i 

triiee 

,, clung . : 
Horse urine i 

0*44 

0*04 1 

0*14 

CM2 

traec 

0*10 

1*50 

; PiMi : 

; Iriwe 

■ P4H 

CChil 

inmi 

' dung ’ 

0*57 i 

(J-IS i 

1 (MO 

0-55 

trace 

mm 


In the |mp(‘r referred to, tia! authors eHtiniat,#* the itiiiiiial yield per 
cow at *I1‘5 kilogriyris of tiiirogeii, and 40'H kilogiam h of fioliisli in 
thf3 urine and 42 kilogmumof nitrogen, 4*2 of imliistt, aofi 12 of plios- 
phorus' pmtoxide in the dting; wfiih* in the loin I excreta ol ofie 
horse firinurii will he 37*H kilogriuris of nitrogen, Id*I of |iotiish, 
and 14*4 of phosphorus |KUitoxkie. They tliiiik iJial the ^mimh in 
dung is that existing in the food as inorginib sidis, tlint iii the 

mine existed in the food in comhiniitiori wiili organic fiddH. They 

^ Agrkylfcura iti Homo of its IliUatkitw to ClicinUiryi Vol I, p. 4Hin 
* Fkfe Alwfcrftot in ^onr. How Uhoni. IHHo, in I* 











i r,i 


found a deficiency of potash in the exci^'ta. eu-n aU» i .dh,- ^ i 

that removed in th(i iniik of the cows and the f4 ih*- n- U ^ 

the animals. Thciy account for this hy Htlrihiifiin^Mf fe Im 
the skin. The dust remov(Ml from lh#‘skin h\ eim \ c-raiih .o.d . h 
contained from 2 to 2*2 per <*ent of potash in the i 

from 7*4 to 9*7 per cent in t!m,t of liorses.^ A nmeh lar,:#-! .'.r 
potash is exuded from the skin of sheep. 

The “kraal manure'’ of H. Africa. {‘nnHiniH nf th*' 
animals ktipt (^amerally 0 !ily during tin* iiii^htHnii in-a-lfreui 
with a little soil, hut with little (u* no liuer. Analy'**'* «*! ds;,*'! 

deposits from shee]) kraals were nutde hy (’iri^^haii ' in •U.m 

found in twenty-five Hani]iles, fijunires ran^dlegman fnllnw . 

Nitrogen.. U'-Vi e» pfVn I 'J 

Potash ...... ,, i .% 

Phospliorus pentoxido . . . le.P-*■♦ I* vy ,, r , 

The composition of the* excreta of auiimtis is li;dd»- tf, n* h k ■ 
variations in conpiosition, accordinji'to tie* nafuo' el the fiw d sj. | i 
conditions, that it is almost iiripossihle to iin\ avm.'o.^e hi^at 

As showin^^liow variable the utiliHafion of iln« ifi-r uln-no, *,! ,.d i; ^ . 

be in the case of animals Iiviny( under ddferenl f*MijdUir»;e ih* e- d. ^ , 

table may be quohKi from Warin;.jl<inas fli»* dr e ^ • -e* 

nitrogen supplied in thfi foo<L hVireveiy lOM Ih. nl nifiM-ri. i-. ■ e 



liu 

or ijiilh. 

VM}i|r*| !i ; 
dvu»jl, 


Horse at rest . 

. mme 

i'iii 

e 

,7 work . 

• iient* 


V I ’ 4 

Fattening oxon 

.*h‘l 


,, sheep 

p.1 

Ne*; 



It-7 

'.*h a 


Milking cow 

2t-n 

I "• I 

Calf fed on milk 

mph 

h I 

.'jt'i ft 


A.pas already bei^ii stotcii, (li,. ditim (u,.,..!..),.. ..S «),. 

psted portion of the food mixed with a ncrtiim aiOMunt ft! .-r .-..p i 
trorn the bile and other dif'-stivi* IhiidN. It ii ib. i.. l,< , . . ■. ,) 

ihat the amount of plant fooii. say nit,-,,^:..,,. „.i„i 

will b(j greater the less digestible the fond emmnm. d 

Ihe composition of the excreta of aimmds ee . 


An analysis of the iwmpfmtioii of u l.or .r wm ,ir. 3 •. 

)t Physio ogy, n, m ; also Jour. C).,..,,, Su..,, mal ^ u..u •. r’ 
Water. . . 

Organic matter . o-.VJKh .. „ iu.-Hv ..iVomo ., 

. . . fy(rj:Ut 





rni , . I'hhlK* . OiriKl ’ 

I fic anil h'OjjtaiiHffl' 

-> T> -e r f/’otimlj . 

hnt. ..\ssoc. Hoport (S. Africa), V.HI!,. 

Chemistry of the Fariri. 
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that of tlioir food. Tin's is will known. ns will in* diHinissini in a 
later ciiapter, is tin* basis upon wliiili nja.nsiii:il rrsiilm-s cl" foods nn* 
leased. 'In a pajinr on “ Tlin distrilmliois of’ iiinnnrf* vniii«*H of [(kkIs 
betw(.‘(‘.n dun^^ and urini-.” ^ (VowlhiT fiiipliasisfs tli** 'vory bii^b propor¬ 
tion of the blal niH.nnriul value wbioh eoiifHiiinfi in the urine of 
farm aniina-ls. After c*oiisiderin* 4 . in deiall, liie r-ases of t'atteiiin;? oxeio 
horses, iniloh nows and >diin^ ^^rowin*^ '.uiinials, he arri\"es jil llie con¬ 
clusion that tin* tola.1 liipiid excretir, a,s lliey leave tlie aiiiiiials, possess 
from three to fom’ times tlte nmnurial value of the lolal solid excre- 
uKMits, so far as these iiuinuria! values are deierimned by the cheinical 
composition of tlie fresh excreta. C Iwinfi. bowe\'er. trr the reatly de¬ 
composition of the nitrofjenmis const itinmi'H e»f iiriue, flie raJiotends to 
diminish rapidly when the excieiaare kept. iinleHx ^|»ecial precaiiitions 
a^minst loss of nilroeen are taken. He eonsiders ihai Ifi per cetil of the 
nitro^mi of the m ine is probably llie a^-eraei. |r«ss. duini|r sloi a^anof faiiii. 
yard manure. Hven after siilfernie thi^ Iosh. the iimriiuial value of Ihi* 
urine ]>rodu(u*d by ati animal jireali) exi’ecd’^* lliaf. of llie snliii excrcuiciit, 
I'u the (‘stimation of the money valuen employed in tbi* calculations, 
tla.i following values wej'e asi’fibed lei the ifianiirial iim'TcdiciilH: ■ 


Digastille nitreacm (tlmi iii urha*} . 
tudigcHtible nitrogen llhat hi diUigl 
PhoHphccniH jieJiUedl 
PetiiHli ...... 


tH pn |i». 

4 . 

H. 


■s ft. 

12 i 
I 2 


2 


:i 0 


per unit. 


The uriuo is as*^uniial to c.onlinu all the iiifroi^en in ihv dii:esliblc 
protdm of the food, e,\c*ept that reiained Icy llie aniiiifil in the form of 
incrtniHf* of wilght, or m milk prorluciitju, and HA |}cr wisl. ot tlie total 
potash, wliilci the dunt 4 is asHiiitied to couliiiii all the ii!trof.tcn iu lltc 
in<lig(‘stihlc protein, all the phospboiic* acid of llie I'nod, cxct'pt thiii iu 
the increase or milk, and IA ner cimt of the total polnsli of llie food. 

77/r llttrr and mi.sfr pfim. ialter serves several iiHt'fiil pUf|iOHeH. 
ifesidt's the obvious adv'itulai^eH atli’iiding its use fiorii ilu* point of 
of chaiidinesH and coinfrat fm’ lla* aiiiiiiak it uIho fiillds sin’eiml 
oth(!r hinctioiiH. It greatly increaseH the fadk of llu* iiiitiiiire, reiifier* 
iug it more porous and iluardore helli*r iible- to tlie valiiiible 

liquid portion of tla* excreta, it lUTivideH a iiirne itiiifiiUii of’ eitrlioro 
aceouH rniiUer wliich will eventMiilly be coiiverlt^d iiilii liriiiiiiH, mid it 
adds its quota of plant food, sniiill liioi^di it I we It liiis a coiiHiilfriible 
eficct u|K.m the various fermetitiitive (diiiriges whicli llie r*ieri,*lii of 
animals so lawlily undergo, liotli by its infliieiifte on the porimity and 
consequent adriiisHiou of air and also Ipv liie itiic'rceorgiiiiisnw with 
which it is said to be often aburitiiirilly su|i|iiif^d. 

Various sitbstancim are usf*d iis liilm* in ditrereiil ilistricts. The 
following are the chief 

1. Btraw. 4. lirirfl leiivifs. 

2. Peat or lamt moss. fn Bawdiist, 

3. Driitd firacketi. Ik Tiiiirit*ri' rfffiwm 

Htraw is the rnattjrial most largcdy used iw liitirr oii tin* fariu. Iti 
composition varies considerably, but it iiKviiys iiiaitily of woody 


* Tmiii. High, and Agrk. Biwn, Scicaliiofl, PliO, IIA. 
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fiUrc. cellulose which have practically no manurial value; its 
mtro»4i?n, |)hoH|)horic acid and potash are always small in quantity 
I hi* avinugt* |)i*o|)ortion of manurial constituents in the straw of differ- 
cult piaiitH in nimi in the following table:— 


: i 

^ i 

j 1 

NUrogtiii. 

Potash. 

Phosphoric acid. 

Lime. 

! wiiiiiit . 

S Biiriey . 

1 OatH 
liy« 

i 

O'-IH per cent 
0-57 „ 

0-n „ 

<>■57 

j 

0-9 per cent 
1-2 „ 

1-2 „ 

1-4 „ 

0*25 per cent 
0-26 „ 

0-19 

0*28 

0-31 per cent 
0-39 „ 

0-41 „ 

0-45 „ 


A which has recently attracted great attention is the general 
occuri’cuicci of denitrifying organisms on the outsides of the stems of 
whc*at and other straws (see Chap. IV). 

Minglcjd with the Utter, there are generally considerable quantities 
of the wasted fodder supplied to the cattle or horses, consisting often 
of hay or straw. The manurial value of such material is similar to 
that of the straw used as litter. 

l*eat>, or better, peat moss, is largely used as litter in Germany, 
and, to some extent, in town stables in England. It possesses great 
|K>roHity and absmqitive powers for liquids, and in itself often contains 
a considerable quantity of nitrogenous matters, varying in different 
samples from 0*3 to as high as 2*0 per cent. It also has strong ab¬ 
sorptive powers for gases, ammonia, and acts as an antiseptic in 
preventing the too rapid putrefaction of the organic matter of the ex¬ 
creta and the injury to the health of the animals resulting from such 
imtrefaction. The manure produced is richer, especially in nitrogen, 
than that produced by straw. The chief drawback to peat as a manure 
is the ditliculty with which it undergoes decay or putrefaction. This 
is lessened by the addition of excreta or of lime, and attempts to 
b^Hrtfui it still further by cultures of bacteria have been made. 

Thci chief manurial constituents of peat, according to American 
^maiyses,* are as follows 


Water . . . . 

. 61*50 per cent. 

Nitrogen. 

. 0*85 

Potasii. 

. 0-18 „ 

PiiosphoruB pontoxide 

. 0*08 


Dytjr found in peat moss and wheat straw— 



Peat moss. 

Wlieat straw. 

■ 

i Water . 

12’46 per cent 

10*33 per cent 

i Mltrogcin .... 

0-81 „ 

0*62 „ 

, LI mil. 

0*15 „ 

0*29 

Potwh .... 

0*01 „ 

0*99 „ 

Phosphorus pentoxide 

0*02 „ 

O'll „ 

Hilicft . , . . . ' 

0*72 

5*74 

Maguoila, etc» . 

0-48 „ 

0*47 


as. Dept, of Agric., Bulletin 15, 1893. 
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Analyses of (il)r(‘s extracted tVoni -jx^at ohtaineil in \V(irteinl)ui*|^ 
and Bilesia and of Ttioss ]itt(!r from North (xe.nnany, wer(‘ nuide l)y 
Fleischer ^ in 1883 :— 

j Wurtc.iubiiiK i Sil<tsijiii (mtiujih I 

lihn^. tibre, peat ihohh. | 


Nitrogtni ..... per cent ‘Jl-nO per 0*90 per cent j 

i^hosplioruK pontoxide . . 0'()(> ,, 0-0(> ,, 0*01 ,, ! 

Lime.1-72 „ 3*10 „ 0-20 „ ! 

.... .. 1 

Feat sometimes coiitains iron pyriUjs, and in some cjises, ai’s(*nic is 
|)resent in the pyrihis. The manure madc^ witli such ])(*at may he de¬ 
structive to plant life. 

Dried Draahcm is often us(jd as littfu’ in mountainous and thickly 
wooded disti'icts, ejj,, in the Fnglish Ijakc* district and tlie N(‘W h'oi'est, 
in Bcotlatid and Irelamh and in certain parts of (iermany. 

It is not so absorbent as otluir litiftrs, hut is of value on account of 
its composition. Tliis varies with the age. at which it is cut and with 
other circumstances. A (lri(xl sample (‘xamined by Homhergm-” (;on- 
tained ()-7()() per cent nitrogen, 0*13 |M‘r (amt ])oiaHh and ()'I2 p(*r (ami 
pliosphorus peaitoxide, whiles two samph^s f^xarniniHl by 3. Huglit's 
containt3d in one casce (young plants) 2*12 per (amt nitrogem, l*Ib per 
cent potash, and 0*G pcjr cent phospliorus ixmloxide?, whih^ in da? 
othcir (old plants) th(;re W(n*(; only ()*9() per cemt nitrogen, OKI ijotash, 
and 0*30 of plios])horuH ])entoxi(l(*. 

Dried ledren.^ These, art; ordy rarely used arid art; not of much 
value. According to mnnhttrs obtained from Amtu’ican invimtigatioiis,*^ 
autumn le;aveH contain about’— 

()’7b per cent nitrogen, 

OIO if) 0*A0 per emit potahh, 

O’OfJ ,, 0'*K) „ phoHphoruH 

Havdant is us(;d in stahle^s in largt* towns. It has good absorptive 
powtu's, and, acjcording to Storei* (just c|Uoiedj, contains a!)out 

1*0 p(‘r c.taifc nitrogen, 

O.IO ,, potash, 

0*05 ,, phonplioruB pentoxicle. 

It nvndtn'H horse.; manure; veiy 0 }.>cm and porous and thi.*r(5fore favoiirH 
rapid oxidation and feennentation, Boni(;timeH to a liarmfii! (‘.xterit. It 
would la; less objectionable as a litter for cows. Thr; titr|Mmtine fcn.iricl in 
pitch-|,)ine sawdust may seriously rejtard its decorn|josition in the soil. 

TmintrH^ in HOiruitirnem tme;d as a litter, but is of 

comparatively little value;. Btore;r givcis as its averiigc; coiriiicmition*— 

Niirogen.. . 0*10 per Gmt, 

Potash.. . 0*08 

Phosphorus peritoxide.0*1,14 ,, 

lAtrm-yard rnanin.*e consists usually of the,; mixtid exercfrri€;rits of the.^ 

^ lour. Cleem. Boc., 1BB4, Abstractii, 105, 1880, 485» 

**Qu(»ted by Btorar, Agriculfcare, ale,, VoL I, p. 440. 
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»:niinal«or the fan.., together ui.h ih- h’^-. vr;' 
To it iU-e !i(lilf:(l any waste o.'iiime hm-’ ' • ' «* • 
seead,incluainK>ti.iK.al offi.1 „f va.K...s 
otften, the %vaste matte.' ti'om the thiash.in: tt.'M i. 
twins the Kowls of weeils. _ 

According to (ie.'in.ui aiithm ities, Ih- 
ynelded per day pei; l.eiul hy the vaii.m • anm..., : 

taken an the followin^^:-. 


Morse . . • • . 

Cow . . • ’* 

IPig . . . ■ ■ - 

Sheep . . • • “ 

American * eHtiinateK are iijm*h 




iCSow . ‘ Hay» silage, bmi», 

i ton-seed meal, efc. . HI *fi lb. ivUi <-rn* 
HorseI Hay and oats . . ,, U’lV 

S^heep I Grain, beetH and hay »■ ^ 

Pig .1 Maize meal , . -^5 „ O'H I 

The composition of th^* ntmmr** 
considerably owing to a iniiiibrr *d‘ 

obvious, therefore, that any parfienlar t- 

m-eans of judging of the naliin? of iniunar^' 
Large numbers of atialvHes have bi'*r'ij |eibbHb«'»l, 
destail, the suhstariceH proHent. An *p.M**^d 
fawm-yard rnanunj was made by \’nolrk»'r luioe. 

A summary of his resullH, as cpioti'd hv 
p»ge. 

Fermentation of Farm-yard Alaiiwrc* I'; 

gins to ferment and to changing elwra<’t*’r 
of -the rnicro-organiHinH whirli a b-, 

coimplex organic suhHtririof'H preKrnt in iIp^ f3,i.ir 
the bacteria of stalibi ntainin* anil liner m^imu 
Herzfeld;^ 

^ Bulb 27 of the How York (hrmll 

“ The horsoH were working. Tie* ^ 

thaat three-dfths of the rniiiiiirii was 

^Agriculture, sic,, Vol, I, p. ^i‘IL 
^ientralblatt Mr liiieteriohigie, mr4 
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MANURING AND GENERAL MANURES. 


VI. 



Fre.^^li luanure, 

From heap, 

Well rotted, 


14 days old. 

31 months old. 

6 mouths old. 

Water. 

66*17 per cent 

69*83 per cent 

75*42 per cent 

Soluble organic matter . 

2*48 

3*86 „ 

3*71 „ 

,, inorganic ,, 

Nitrogen, total 

1*54 „ 

2*97 „ 

1*47 ,, 

0*64 „ 

0*74 „ 

0*61 ,, 

Phosphorus p)entoxide, total . 

0*32 „ 

0*32 ,, 

0*45 ., 

Potash . 

0*67 „ 

1*22 

0*49 „ 

Lime. 

1*19 

1*34 ,, 

1*78 „ 

Magnesia .... 

0*15 ,, 

0*05 „ 

0*14 „ 

Ammonia .... 

0*12 „ 

0*08 „ 

1 traces 

! 

0*18 ,, 

Nitrates 

; none 

1 

none 


According to this paper, the fermentations which manure undergoes, 
partly in the stables, etc., but mainly in the heap and finally on the 
land, may be divided into— 

{a) [Fermentations of the fatty acids. 

{b) I'ermentations of the amino compounds. 

{c) Putrefactive fermentation. 

{a) Aminoniacal or urea fermentation. 

(e) Sulphuretted hydrogen fermentation. 

(/) Cellulose or methane fermentation. 

Ig) Permentations of the carbohydrates. 

{a) Many of the fatty acids, or rather their salts (best, the calcium 
«alts), are capable of undergoing changes under the action of various 
bacilli, micrococci and other bacteria, generally giving rise to the for¬ 
mation of other simpler organic acids, often carbon dioxide and, some¬ 
times, hydrogen and alcohol. 

(b) Amino-acids and other amino compounds, i.e., compounds con¬ 
taining (NHo), are formed by the putrefaction of albumin. Tyrosine, 
01I.C,iH4.CIIj>.GH(NH2).G00H,' j)ara-}mjdroxyi)heMyl a-anmuhjmh 
2)miic acid, leucine, CHy.(GH.,).j.CH{NH2).OOOH, a-amino-cayroic 
acid, asparagine, G00H.GH^.CH(NHij).(50NHj,, amino-sttccinamic 
■acid, and glycocoll, CH2.(NH2j.GOOH, amino-acetic acid, are among 
such products. 

Tyromie is converted by fermentation, if air be excluded, into 


indol, G^jH^ 


carbon dioxide and hydrogen ; in the pres- 

ence of air other substances, like phenol, G^jH^OH, are formed and 
the nitrogen is converted into ammonia. Letccine by its fermentation 
forms valerianic acid, G^Hy.GOOH, ammonia, carbon dioxide and 
hydrogen. 

{c) Putrefactive fermentation is the rapid decomposition of albu¬ 
minoid substances, attended by the evolution of evil-smelling gases and 
produced by the agency of various species of bacteria. Generally, 
the first step is the conversion of the insoluble or colloidal albuminoids 
into soluble and diffusible peptones; these next split up,^ pelding 
iimino-acids, e.g., leucine. These in turn are decomposed into fatty 
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acids and ainmonia and the fatty acids then ferment as described 
under (a). 

However, the kind of change jiroduced is determined to a great ex¬ 
tent by the admission or exclusion of air from the fermenting substances.. 
Indeed, the presence or absence of air from the decomposing mass de¬ 
termines the species of hacteha which can flourish in it. Hacteiia are 
sometimes classed into two great groups:— 

bacteria, which require the presence of oxygen and 

bacteria, which only perform their functions in the ab¬ 
sence of oxygen. 

The distinction is not altogether satisfactory, as under conditions 
of air exclusion, certain aerobic organisnas can carry on their wmrk if 
nitrates be present. In the case of the aerobic bacteria the compounds 
formed by their vital processes are usually of a simple character, e.cj., 
water, carbon dioxide and ammonia. Such fermentation is sometimes 
called mouldering or decay and is not attended by the evolution of 
foul-smelling gases. 

The anaerobic organisms, on the other hand, tend to produce un¬ 
oxidised products, some of which are highly complex, and the gases 
evolved consist of methane, hydrogen, sulphuretted hydrogen, etc.. 
Many of these products are possessed of disagreeable smells and the 
changes leading to their production are considered as true putrefaction. 
These putrefactive changes can be brought about by a great number of 
different organisms and the albuminoid substances are the chief raw 
material for their activity. Many of the had-smelling gases evolved 
have not been identified. Among other products, amines, e.g., trimethyl- 
amine, N(CIl3)-3, volatile acids, exj., butyric acid, C^H^.OOOH, and 
caproic acid, QH^.COOH, and mercaptans, e.f/., G^Hr,.SH, have been 
detected. 

In a manure heap, both aerobic and anaerobic organisms perform 
their functions, the former cbiefly^ at first, and until the air in the 
interstices of the manure has been exhausted, producing mainly carbon 
dioxide, water and ammonia. Then the anaerobic bacteria begin to 
operate and evil-smelling gases come off. The evolution of heat, 
which is often considerable during the life of the aerobic organisms, 
diminishes. 

(d) Ammoniacal or urea fermentation. This has already been 
briefly referred to (vide p. 72 ). The main reaction is there given as— 

C0(NH2).^ H- 2 H 2 O = (NH4).,C0„ 

thus giving amrnonium carbonate ; in addition a reaction expressed by 
the following equation :— 

GO(HH 2 )i 5 +■ H2O = NH^.O.OO.bTH^ 

Urea. Aminonium carbamate. 

—resulting in the formation of ammonium carbamate, has been de¬ 
tected. At least five or six different bacteria, some microcccci, some 
bacilli, and even some moulds have been shown to have the power of 
bringing about this change. 

(e) Sulphuretted hydrogen fermentation. A large number of 
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<IifT<‘r(',iit. h:ivi« s!};:n%!i i«> havr* ih.' |»r»v.ri', 

conditions whifdi am nai i-xactly Iuhovio of prtidiir-ino n|| 1|4ino-0i'i| 

hydro^nai hy tlioir ac-fion uptat alhniniii. 

(/) (Vllulosp iVriiMaifalitHi. ('rilahv^-o. ulrndj iMi ifi-...-, ih*- inut-r 

])ortion of the tiss{a‘sof sfrawand oiIk'T %oorniJilo i uod*^r ilif 

iulluoiic.ns (jf nil orL^itnism lUu'iUa^ ;i*.d oUi»*r 

bactnria., convailod ovrnSiuilly inin raihon d5o\id»‘, i'll, jiod 1 o*-i 
(Ilf,, thoii; 4 li many int.rrmodiat*' produrl-^ i\^h. H'UI, 

Iron hydro^^'im a.nd, parlia.p'-., }*iilyn<’ atad, I'JI-.J. t H Ml. Iriv*' 

tcctfur. ddio prcH'j'ss is anaorohio afid ih*-iia.rl«o'ai. |audiiriir./m! fs:n'i- 

Inam doU;(n.i‘(l in tin* inlf^^siia’s of 

{(/) Utiior caj'lioIndraJf’s, «dii»'lly Marc-li. vaiioUH ;y..M -'oiuh, 

occur in dun^^ and naidd)' rhanor fhr^ iiMlur'is'** ir? many 

hactoria S(nin* aerobic, stun*' ana-i'M *bitn Carbon dio\iiio, vnO*'i. lartjc 
acid, (^■ii.j.Cdl.OH.r.OOli, Imlyric amd. CII.J 1 |„;.f 1 if ll I. and 
sornfdimcH fret* bv<ir<t;.^en, an* foriic'd. 

A study of the gasoH f'Volve*i duitim i»'riiion!a!ioi] rd' imiuoro \\m 
luudt; by Kchlof'siiio in bS*JtiJ llo found llatl, in |i:rr''**'riro r»f air, flis* 
tc-inpcratun* <»f a manure heap is raised by ili*' iicnmi «if roiTiiiic 
ori^janisins until purely chmnical o%i»la!a»ii s»'ts m and lliis iioiy oi:i lUi 
until the teni|.H‘rature is st) 'lu,^di that <lf'*4riie.!ii:iii of ilc* fiiyiaiusifis is 
eilactod. Nr> craubustible ^lastts are proihiced. Ilv allie'Aiim tlie f**r- 
lucniation to [U’crceral in a current of idlnij^en nr nllier indiiier*ujt gins 
the arauu’oljic baederia only are active and carboM din>ude and iiiarsh 
gas arc chiefly produc.eti. 

’'riie (letails of one eXfwf'tineni may be of iiiier»‘si, It!]/1 Kriiriiiiif'H 
of fn*Hh manure wtu'c allowed io ferment in an atitio^iiliere r*l carlitiii 
dioxidt! for two months; in ifiis |au'rotl, nemiy *d lilrr^s c4 ,r 4 as were 
(jvolvcd, th(! maximum rate of m-ohiiitm fieini^ |#l‘d mr, pu' luair Urn 
the sixth day). The conl.ained lovH e.e. of iiydrii|.yuimlif c,c, 
of carbon dioxide, am! 4d77'4 tu% of nmrsli nas fr'*|iiiil to ■•■1*72 
of carbon, b*0dd gramim^s ed oxygen, and uriiiiiiiie of liydr*i|i|eiib 

TIh* loHH suffered by the manure i-s sliowti by iti*^ friilri'Wiiifi liililr% 
which gives the- amormtH. in grammes, r»f the ^■sirioii-s criirHliliieiii-s in 
th<} driiHl iriiiiiiiri% before arid after the expfU'ifioU'il ;■ 
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Ho free nitrogen was foiiml in ihe giises, life Iosh tieiiin 

due to its liliemtion m anitnotilii, which would Iw* lo«i ni diiiog The 
oxygen and hydrogen in the gas«*s evfilvial, inriiaiiiig tie* li)dtiigeii 
lost as amiiioriiii, exceed by graniniim iitifl fKlllo o 

fclvely thiit lost fiy the marmre, sho%viiig ttiiil witliu n'lleis ii4«i tlia 
reactions by which these gamts lire prtxliiciai* 

^ Ann, Agroii. 5; Cltnai* Hmu* Abilriief#, ItiX 
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Preservation of Farrn^yard Manure..- Tin; Ix'st nnuiiis of 

farm-yard manure, whether fresh or rotted, and tla.i most a,dva.nta^e()UH 
manner of treating it so as to ininiiiiise the loss of he’tilising in- 
-gradients, are matters which liave received much consideration aaid 
about which the greatest diversity of opinion, (‘.specially aanong 
fanners, exists. 

Such ol)vious ])r(icaiitions as tlie prevamtion of loss of soluhh* 
matter hy (Irainage hardly need mention h(;r(‘,, unhiSS it bf‘. to show 
how rich in [V‘rtilising materials such draiiuige often is. in fr(‘sh 
manure, the lifjuid portion consists mainly of urine, whicli lias h(‘on 
shown to be rich in nitrogen and potash. 

The dark-iirowii drainage from old rnamirf*. he.a])s is ofUm ricJi in 
rnanurial matters; a sanpile analysed hy Voelcker contained m!aiiy 
2 per cent of solid matter, including ()-04; p(‘r cent nitrog(Ui, 0^72 p(U‘ 
•cent of carbonate and chloride of potassium, and conHi(l(U’aJ>le 
quantity of phosphoric acid. It is obviously (h^sirabb*, tint such dra,iu- 
ings should be preserved, either liy the use of sufluatmt litUn* best, 
peat or peat moss—-to absorb it, or hy collecting it in a tank. 

Of more importance from the clumiical aspect is tlie loss of nitro¬ 
gen and other substances which occurs during fenrKUitation, A grcait 
amount of attention has lately been diiocted to this maihu', more 
pecially with reference to the methods of minimising the. loss, d’hc* 
loss, of nitrogen occurs chielly in two ways, hy volatilisation of a.m- 
monia from ammonium carbonate and hy tint lilx‘ration of free* 
nitrogen. 

According to Berthelot and Andre, ammonium caahonate din* 
sociates when it volatilises, yielding ammonia, carbon dioxide and 
water 

(NHj.GO, 2NH,j -h (X), -f IWJ 

In accordance with the law of dissociation, the (Hfuilihritun re| re¬ 
sented above is attained when the product of tlui HC|uai‘(5 of the number 
of molecules of ammonia into the iiurnlier of molecjuleH of carbon di- 
oxide present in unit volume, reaches a certain value. Now this pro¬ 
duct may be reached hy an increase of both or of only om? of two 
factors; if eithcir be increased the other factor will diminish if thi^ pro- 
duct is to remain the same. It is olivious, therefore, if the amount of 
carbon dioxide in the surrounding air be inentased, the. amount of 
ammonia set free by dissociation will la? diniinished. H«*n(a% if tfH‘ 
production of carbon dioxide hy the fermmitation of merely oarliofi - 
aceous matters in a manure heap can he emeouragt^d, ih(j diHsociatiori 
of ammonium carlionate will he diminislied and i\m loss of ammmiia 
iiindere{l.‘‘^ Another important consideration aflecting tliin Hource of 

^See Appendix to Chap. IV. 

I)eh('^rain recommendn (Oornpfc. rend., 18JI8, VK)B} that the Koilerl litii'r be r#*.. 
moved to the manure heap as often as poHslhle and the Htiddo or c!f»w.i 4 li«<l unttorH 
be rinsed with water to carry the liquid excreta into the liquid luiyiuni tank tuid 
that the dung heap be well heaped up and watered with the iiqidrl from the funk. 
In this way a constant production of carbon dioxide by femiifint,atlofi ij 4 produrifd 
and loss of ammonia hindered. 
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iun » of iiitrn^Mn ainiii* i-* th** r»*n*’\\al uf f|i«^ in lip* iolpisiiop^ 
III iln* iiianuri' fi\ liiiru^ioii, It llp' vAihun iliii\i«io ;ijif| pjn. 

iiioiiia ;tri* r^oiHn'rii l»y, ^a.y, a fUrr-oil mI air. !!o* ioialiou nf :|j|. 
aiiiinonMnii carlHiualo will jii'ur‘*i*fl niini* ra|>i»ily, 

A fipiliotl of i»r ou!i*’rnf flu' lo>'-inf aiiiUio.oia 

Imni loaniio' hf'a|»H wliif'h has hi-ioa H-rifiinofiah'd aial frn hkiov 

yiaii's, is ill!' slri'Wiiit.' Ill iiMWiii'fi'rl H ASf A,‘J|| ,n| oviT jli*' Iitai|» 

ur IN lip* slali. ThiH \va>- •>ii|f|ioH*'i| io ar! fiy jaiidiirioV rali-jOi!! rsif.. 

huiiaff ;fi3*i aiNiiiMiiiHiii siiipha!*-. I'his risM'lani laarid. JN taj, 

Mi}|\ » 4 o <iN fo H. }ii affMi-ilaiiri' v»|fh ill*' iir’iN'--■;o*N.f ai law 

r-’i'i" |». hihI arrorduNf Im loati^ it-rriif iii3>'ii!s i-. ♦|is}!,i» 

iihcIohh !i iM'i’Horva!i\I’V nn'i'^ 4 i;„!aWoi;r« '‘Jjow Ilia! kajiirf a nd 

su|i!'r|i||t»-}»lia1»' or fi «■»’ |ihMS| 4 iora* ariil aa »• \ **rv iii 

iNji loss of aijiiiioma. 

Ah ih*' ri'Hoit, lit 11. sioii's nf Kriair. and ftiAirh ■' arn^rti 

u1 ih*' followooijriu'OMir-s t ?ni in of iiO’a info aijiiiiiiMiiiin 
oarhoiiiiti' lalo'- raiudl},, io lli*' or sih^r-Nfi" ?»' ;iir 

ami withoyf any lil'foration of lioo nitroiioii. Tlio aiiiiiiriiMiiii} oai'houittn 
ilissofia.fi'H if *lrioH ami v* la'isjly loL'itih" in 1115 afiijci* 

s|'}||ori' of rju'hoN *ho^i«h*; fin’ Iona is yii’aloi'if a Hfriaiiii of air |»iihH 
il»riiii|»h tho Th** of llii* ainiNoioiNii rarhoiinto wlni!}] 

1‘1‘irminH in llio ihmo m .yriMlmil])', in of air. i*oiri-rr1«"d inni 

iNlritmw'id, fii4ain wifh m» lihoraiioii of lr«a’ iiilroi4*ai. llir- imiif 
HO fonmah how'iwor. ih. hy iho tlvyiirifyiiiii h;it!t*»na, ii*'roiii|iro*‘fi with 
o'vohilioii of fro*^ l'hi«. «ioi’MtN|'fOialioN nflioj- m 

oiim* or of arr. |novid <'4 fh*^ haii^'riii aif" l-iiriiiHliosi witli 

a,fill’ hiotf maJoiialH. hnoIi hh nfr'uv. Hi4?ar. u'h*H*riiii% sodiiiiij iaiialif 

or oilrato, or th*' iilaiilH. llio wiiiilr' nf flp* fiitif:fj4ois cif 

lilt* Nitnt.ta^H||i’oiii|w<'a^{| is oof. *‘vohoj| an oilroi^im, liiiii Iff 

|»!'r lanif, tifn m ooiivoiiod info Iniihlv oiinanir HiiiistiHiia-s ri.*- 

alhyriiiii. 

llio h'HH ol Nilroi^isn wliioli amiiial yiiilfiifiirioi^ Morai^iy 

rrHfdiH t'rmii iilamation ol iiiiitiioiiia jtii I laf fr^o Nitro;ff«N, If tlii? 

iiiaiioro la* liopt in a looH<n |^ir<nm romlifjoio ilr^ ioliiifliHiifioo of mho 
iiiotiia iH favooro*! : if *’oiii|iSM*t, ho m* Hi liir, iiim‘fi fior Nitio^Hai 

hoi ill** muun'itiUi forimal o-iiiim-th of iiifri.i^foii, 

wiiw’li |H iiiniiily *»off«*roii hy lii«» Iniiiid |wirfi<ii 3 of ilp' iiiiiriiirfn HliJiml 
III m Hioall hy ilio hoIisI iiml tip' wfoiw, lli*‘ iiif 

r,oiii|imiii«|H of wIiioIn hy iho arli«iii of f||o Ii;irl#"iiii. iirr* is^to 

iiiiiiiiN %%'tiioli Hiiifor fill* Hiitfi** fair as tfir in mi If flu* 

tmmurt*- Inia in !«■* lto|it lonii,. il ih liowriilili* t.fi rfi%ri tlio Ip ii|f wifli 
lirofoiiihly %vsth pn%ty HOil. 

?yi 4 hmipl iIpii iii a Mall, tfi*' ot 

tmm iliiiig* itiiiiifaipiMy iiltfo tip** fiiitofiioi/ iiioinak 

roriio%o*tl, Htimlh ititionrilion lo filwiiit IA2o fay oi 

Nrigiriiii mnunmi, mul %%im llip HiiitiP in Hiinnofi nh m 

If, IwiiviwaT, lliif iniwmro wmn Wl for four m ih*? * 4 all tip* 

* lliirri, IliirfaWi miifl Joiir. i, 

iMmnu, ITO, ^ IM,, im. 
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iininials had rcniovcd, thr* loss in warm wriiilu'i' junomitcd fo 

34*8 ])(ir cent of tln‘ whoh*. In oj)f‘n dinif^ h(*n.ps, the loss of 
o])S(‘rved \v;t.s :i7'4 per cr‘nt of thf^ totaJ, wliiie in a, pju'jillel expmdnmiii. 
in a covts’ed }if‘n/p, 3{>’h per cent of tlie total nitrogen \va.s lost,: fait. 
the covered h!‘ap hfdd manure (;onta.inin‘ 4 ‘ 70 per ('.ent ol wa,tj(*r, uliilc* 
tlie o])(*n one contatined 78 ]H‘r cent, ddie laa’;j;e loss ot nitrogen 
from th(‘ covei'ed hejip is due. to the hi^^her Punpera-l ure and drier 
sta,t(‘of th(‘<lun^^ faA’onriiifj; the volidilisation of a,mniotiia,. An addi 
tion of 30 pel'cfuit of ma.rl to tin* nia.nur<* r(*<lu(*.(*d tin* loss of nitro 
^en from 22’^) p(‘i' c(‘nt to i)*0 p(‘r c(‘nt, and ai mixture, of 30 per cent 
niai'i and 2 fiei' cent of turf litUu* reduced it to (>‘1 fier e.(‘nt. d'ln^ 
best r(‘sult was ohtain(‘d hyllie addition of 0 per c(‘.nt of sodium h\dro 
^en sulphate, NaMBO.j (containin*^^ 1*5 per (;(‘nt of fr(*<‘ acidj, wh(*n 
the. loss was diminished to 1'3 per c{‘nt of Uie nitroi^en ori^inaJf} 
‘presemt. 

The action of frer^ sulphuric acid in prevmitini.,^ loss of idtro^nm In 
partly attnhutal>le to its coinhinine with the ammonia, a,nd [lartly 
its preventin^^ the. j^^rowtli of denitrifying l)a(*.t(*ria. 

The application of fi'r^sh manure to the sf)il proha,hly h'ads !<) a 
^^reater conservation of its nitro^^e.n, hut therft is (jonsiderahle risk of 
excessive denitrification being set up in the soil, both by the huge, 
amount of oxidisable carbonacfious matter and the nunn rouH denit iii\ 
ing organisms which ai'(^ ])reH(*nt in stra,\v and the fie('.f*s ol most aadnuilH, 
and this dr*.nitriflcation may exhmd to the nitrjiles a.lrea,dy present or 
being ])ro(Iuc(*d in tin* soil. Well-rotted nuumre, on the other hand, 
though it may hav(‘ lost souk*, of its nitrogen, will he muc.h h*HH likely 
to liririg about denitrification, ft would seem, therefore*, best to favour 
the fermentations which destroy carhonac(-on h rna.tter, 
to retain, by absorption in ])(‘at moss or olh(*r porous tlie- 

ammonia which volatilis(*s. In this way, the denitrifying orgatUHttiH 
will he quickly deprived of their favoiirahh* envirorummt, and their 
destructive effects, both in th(* manure h<*ap a,nd suliHefpnmily in tim 
soil, will ])e wtiakenrid. 

The addition of kainiU*, or h(U3(*j', of acid Hulmtane.eH, r.p,, free 
sulphuric acid or sup(*rphos]iliate, has heeii Idghly recaamnended tm 
a means of ])r(‘S(U'ving nitrog(*n. Heiden ^ staO's that by Hfrewdrig the 
stalls in which cattle ar(.^ kept, three ti/Ties a day with Huperplampliiitc 
at the rate of 2 Ih, for (‘very 1000 11). live weight, a great ecaniorny is 
effected in tla^ manure, and this is true whetlier tlie siailM are eJeaiie<l 
out frequently or the dung and litter hfi left undf'r the cattle for sis 
weeks. 

From extensive experiments madt* by IJofdelleiHtn,*' tlie eftee.t rif 
covering thc.^ manure with c/arth was shown to greatly preserve tlie 
nitrogen, while allowing of the fmaiamtation and cormecpient Iciss of tin- 
carbonaceous matter; superjdtosjrhate a.nd kaiidte, winch also preverif 
loss of nitrogf*!!, when ap])lif*d at the rai<‘ of about 2 per cent of the 
manure, interfere with othei- fermentativi* ehanges and allow the sfraw 

^ Bswler. Zenfcr., 17, 154; Jour. Hoo. (Jlicm, I mi,, IHHM, 

‘•^Jahr. liber Agric, Cbcrn., IIUK), 117. 
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fail 

!«i ri*i}i;iin ir.iili) inUivU !h»*\ at’l rji!li»*r tli'iij 

jibsorbriitH, 

Other Oric^iiic Manureji. A jjiiiiihi'i (»i luEiiii-rH of 

vi'l^rlahlf <»r. iiMH’i* liiMiut’iitly, uiiiifial imu'ui art* iihmI ijiautiri^H, f,|||. 
r.hii'f briny; 

Piyroii luai ffi^vi ilnny. 

ji-ltiHM iti IihIj yiiiiiMi. 

I b ird bli Hai. 

Mral iiH’ai *»r iiifiil, yiuinr. 

iiorirH.. 

WiKiIJrii rrftiH*‘. Hfifwiily lllillltirr. 

S« M »|. 

ni|.i'ak»*H and tnbHrrd rrfiiHi’, 

llif^?^r rail (mh !»*’ brirlly ib’iill wiili Ip’rr. 

in ihr ilrif'ii duii |4 of Hrii'biid'H, ivilii |?i'irti«rw of 

ihrir frafbn>. bfirirn arid fla' rrfo^n of tliiii' fricufl , ibr I'liifrr ilrjicisitii 
aNci eoiitiuii th*” rniimiiiH ofwiilriiHrw, rfr. Ciimiio 
on iHliiiidH oi ut*m tho foahlH m irojdoal Uir rliirf fio|«:ij>iiiii 

boiii^ found in Norfli and Hoiilh Aoirnofi. Afrioii, tlii^ 

Wi*Hi anil in thr lit*/ riri|*iiiitl Pi'riiviain 

thr of U'hii’h an* now wiiH n %-pry mlio 

atdr and i’onrtnilrafrd mannrr. «”ont.iiiniis|* iirarli’ liiiif iIh wt.*ighl 
of lyiiiiioniniii iiml 

loyrfliri' with r»jiloisiin |iliri»»|4iali‘' aiiif |...«ilii»li 

Itoontiiinrd fioin |1 to lb |«»r of fiitifiyni itnrl friirn |fl|ii li 
p«n‘ rriif. of |iliri?4|»liornH iK’iitoAirfr, 

11ir yiiiiiio now oliiaiiiaiilr rmiiinti*, iiiiiidi Ir^u ii%hml half 

Of a blili* inoro|, llnoi^b ofn^n iiiiiidi inoi't* idifiaiiliairH. 

Two viiriolio^ of unanr# now nii|iorb^ti 

I. NilrO||riion»4. |i|i«a^|ilmtio, Tln^-^r Imi#* arrniiinlatrfl in 
inimiunillx mmh*HH iliHinriH mid tho wtiioli foiiiinl ilirm }iafi? 

di'Mifoalrd iMdotr iiini*h ffnin**nliitiori Titir I'l'rnviiiii 

^iiiliio froiii llio Cdiinotm iirnl lidsiil«*r nioiiio it ii'rrnl 

iiro oiiiinjdoH of wiiidi niminm. ihr lmllf*r mmlh ruutmimm froiii 7 l#i 

11 jp*r noni, anil h ino'- cnait |ilioH|i}ii:irii^^ juaifotid**, 

i, arr tlir rritiiiifw loft ||||. wriil}ii*iiii|| 

by riiiin rlr,, of liir dtiiin of mm-lmth. I 11114 to tfi** luimi in 
%vliicti It hm Imm h*pi, tbr riitronf^ritiii** iiiiitirr bii?i by noln* 

fckiri or volii!.tilimyoin mnl rwly llio niiiif^ral jwtiiotilidi 

CmmkimnhU* doiMwila of giniiio Hiifnr yf%r^ agn 

on ialiitidM lying off i rm llio Wmt i\*mt of Afiinii* awl »>m 
bwitig nili^naivifly worki^tl. 

An iiiiiilyaiii of lliiiiimmlniid giimfiti* gti%at llii^ billowing * 


^ Itartly Mhr* iibfr 
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Including 
Total nitrogen . 
Ammoniacal nitrogen. 
Organic nitrogen. 

Nitric nitrogen . 

Ash. 

Including 

Total phosphorus pentoxide 
Soluble ,, ,t • 

Potash .... 
Sulphur trioxide . 


19*00 per cent. 
33*94 


7*72 

3*26 

4*00 

0-46 

. ' . . 47*06 per cent. 


11-22 

3*87 

2*44 

5*06 


100*00 

In some samples, the phosphorus pentoxide and potash are higher 
in quantity. 

As types of the less valuable products, Baker Island, Mexillones 
and Lacepede guanos may be quoted. In these, the nitrogen varies 
from 0*5 to 2‘0 per cent, while the phosphorus pentoxide may reach 
as high as 34 per cent and is usually above 23 per cent. 

The nitrogenous guanos are particularly valuable from the fact 
that a large portion of their phosphates is soluble and the nitrogen 
which they contain is in a readily available form, being present as 
ammonium salts or in such easily decomposable substances as nric 
acid, Cr,Il4N40jj, or guanine, Cr^H^N^O, a body first obtained from 
guano. 

Uric acid and guanine are interesting from %ieir Hose relation¬ 
ships to xanthine, Cr,H4N402, found in meat extracts; to theobromine, 
C7HgN402 (dimethyl xanthine), the characteristic ingredient Jn cocoa ; 
and to caffeine or theine, CgHj^oN402 (trimethyl xanthine),^%he main 
valuable constituent of coffee and tea [vide Chap. X). 

In the phosphatic guanos, the phosphoric acid is mainly present 
as tricalcium phosphate, and therefore not easily available to plants. 
Such guanos are often used for conversion into superphosphate. 

The chemical nature of guano is highly complex, as is indicated by 
what has already been said. It is almost impossible to say how the 
various acids and bases present in such a mixture are distributed, but 
attempts to do so have been made. 

Wagner^ gives the table on the following page as the composition 
of three samples of Peruvian guano. 

Pige^ and fowl dung. —These substances, according to Storer,^ 
were formerly much prized as manures, and played an important part 
in Eoman, Persian and Egyptian husbandry. In France, too, large 
dovecotes formerly constituted an almost necessary adjunct to farm¬ 
steads. Their importance has diminished since the introduction of 
nitrate of soda, kainite and other artificial manures. 


1 Chemical Techuology, 1892, p. 424. 

2 Agriculture, Vol. I, 368. 
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He estimates the annual production at— 

Pigeons.2*5 kilos or 5-6 lb. per head 

Fowls ..... 5*5 ,, ,, 12*4 ,, ,, 

Ducks.8*5 ,, ,, 19*1 ,, ,, 

Geese.11*0 „ ,, 24*8 ,, 


and recommends that the manure be mixed with water containing 
sulp)huric acid (30 lb. of acid to 1 cwt. of manure) in order to prevent 
loss by volatilisation of ammonia. 

The excreta of wild animals and birds are sometimes found in 
sufficiently large accumulations to be of importance. Those of car¬ 
nivorous birds are particularly rich in nitrogen (largely due to their high 
content of uric acid, which itself contains 33 per cent of nitrogen). 

A sample of the excrement of the S. African vulture collected in 
the Orange Eiver Colony, was examined by the author and found to 
contain— 


Moisture 


* Loss on ignition . . . . 

. 81*19 

Insoluble matter . . . . 

6*72 

Lime. 

0-79 

Potash. 

2-43 

Phosphorus pentoxide . 

4*47 

Not determined .... 

2*14 


100-00 

* Coutaining nitrogen, 

25*27 per cent. 


2*26 per cent. 


Such products are extremely valuable as manure, for their nitrogen 
is probably readily available. 

Deposits of the dung of sea-birds occur at places on the coast, 
sometimes in sufficient quantities to be important. The material is 
rich in nitrogen and phosphoric acid, though in ordinary climates 
somewhat too heavily charged with water to be very valuable, except 
locally. A deposit of this character from the coast of Ireland, ex¬ 
amined by the author, contained, in the damp sample, 47*5 per cent 
water, 1-25 per cent nitrogen and 8*5 per cent phosphoric acid. 

Bats Guano .—Deposits of this substance are found in caves in 
tropical climates, occasionally in sufficient quantities to be useful as 
manure. Its composition varies considerably. A sample from Eboli, 
Salerno, analysed by Parish contained— 

Water.18*02 per cent. 

Nitrogen.3*00 ,, 

Ash. 52*87 „ 


The ash contained, in each 100 pjarts, 2 of potash, 13*8 of lime, 
20-7 of phosphorus pentoxide, and a small quantity of copper. The 
nitrogen was almost all as nitrates. An American analysis‘s gives as 
the composition of bats' guano— 


Water 
Nitrogen . 

Potash 

Phosphorus pentoxide 


40*0 per cent. 
8*2 
1'3 
3*8 


In many limestone caves in South Africa, immense deposits occur. 


^ Ann, Agron., 1897, 47. Bull. 15, U.S. Dept, of Agrie., 1893. 
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Sea-weed, which is plentiful on some coasts, forms a cheap and 
valuable manure. It has one great advantage—its rapidity of decom¬ 
position, which causes it to be a quick-acting manure. Its composition 
may be gathered from the following analyses :— 



I. 

II. 

III. 

IV. : 

1 

Water. 

80-44 

77-94 

77-0 

81-5 per cent ( 

Organic matter ..... 

9-25 

18-12 

20-0 

_ I 

Ash. 

10-31 

3-94 

3-0 

t 

Nitrogen. 

0-45 

0*3 

0-38 

0-73 „ i 

Potash. 

1-95 

0-65 

0*30 

1*50 „ 1 

Phosphorus pentoxide .... 

0-47 

0-10 

0-16 

0-18 „ ! 


I. Mixed weed from the Orkney Islands (Anderson). 

II. Rock-weed, American (Storer). 

III. Various varieties of Fiicus (Marchand). 

IV. Mixed weed (American). 

From the above analyses it will be seen that sea-w^eed is compar¬ 
able as a manure with farm-yard manure, being, however, slightly de¬ 
ficient in phosphates. It has the advantage over farm-yard manure of 
being more easily fermented and quite free from the seeds of weeds, 
which are often abundant in the latter product. 

An account of sea-weed as a manure, giving analyses of many 
specimens of different varieties and the relative values of it and other 
manures, was given by Hendrick.^ 

The following is a brief summary of the analyses :— 



Black wrack. 

Drift-weed. 

Dulse. 


Collected at 
Helensburgh. 

Stonehaven. 

Tiirnherry. 

Oban. 

Water 

Organic matter. 

Ash .... 
Phosphorus pentoxide 
Potash 

Nitrogen . . . 

70*78 per cent 
23-08 „ 

6*14 „ 

0-09 „ 

1*38 „ 

0*76 „ 

74-99 percent 
19-15 ., 

5-86 „ 

0-09 „ 

0-85 „ 

0-51 „ 

79*00 per cent 
14*49 „ 

6*51 „ ; 

0*18 „ 

1-69 „ 

0-62 „ 

78*^0 per cent 
17*23 „ 

4-57 „ 

0 07 „ 

I 1-67 „ 

1 0*74 „ 


In the field exj^eriments it was found that sea-weed gave, with 
potatoes, quite as good results as an equal weight of farm-yard manure 
and that the application of superphosphate further increased the crop, 
confirming the statement just made that sea-weed is an excellent 
organic general manure, though deficient in phosphates. 

Dried blood from slaughter-houses is occasionally used as a manure. 
Sometimes the blood is simply evaporated at a steam heat, in which 

^Transactions of the Highland and Agricultural Society of Scotland, Vol. X 
(1898). 
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case the residue can easily ])e ground to powder. Sometimes the clot 
only of blood is employed, the clot being produced either by simple 
separation by a filter or settling, or by the addition of acid or iron salts 
to the blood. 

The following table will show the fertilising value of various com¬ 
mercial forms:— 



Slieep’s 

Clot of 

Bried 


])lood- 

ox l)loO(l. 

blood. 

• Water. 

87*4 per cent 

30*56 per cent 

12 50 per cent 

Organic matter 

11*4 

51-43 

|w-5 ■ „ 

Ash ..... 

1-2 

18*01 

N'icrogen .... 

1*5 

5-9 

10-52 „ 

Phosphorus pentoxicle . 

0*03 „ 

I'O 

1-91 


Blood easily decomposes in the soil, and its nitrogen and phosphoric 
'acid soon become available to the plant. It gives excellent results 
with wheat. 


Bone8 are an important manure and are used in many forms. They 
^form the hard framew^ork of the body of an animal and ai’e largely 
composed of mineral matter—mainly phosphate of lime. According 
to Bassett ^ the mineral matter of bones consists essentially of oxy- 
apatite, hydroxy-apatite, SGui^P^Oj^.CafOHj^, mixed 

with calcium carbonate, together with small quantities of the bicarbon¬ 
ates of magnesium, sodium and potassium, which appear to ])e merely 
^idsorbed by the phosphate-carbonate aggregate. The small quantity 
•of chlorine present may be adsorbed sodium chloride or it may be 
present as chloro-apatite. In addition there are, in fresh or “ green 
hones, about 30 per cent of organic matter, containing, perhaps, 3 to 4 
jper cent nitrogen, and a certain amount of fat. This last ingredient is 
objectionable, since it hinders the decomposition of the organic matter 
after the bones are applied to the soil, partly mechanically and partly, 
perhaps, by forming a lime soap which gives an impervious crust to 
each fragment. Moreover, it renders the grinding or disintegration 
of the material more difficult. Por this reason, and also in order to 
extract gelatine from the bones, they are often submitted to the action 
of steam under pressure ; they are thus robbed of a large portion of 
their fat and some of their nitrogenous matter, and are rendered much 
more friable and more susceptible to processes of putrefaction and 
decay. 

Bones, when applied to the soil in larg^ fragments, only slowly be¬ 
come assimilable, remaining almost unchanged in some cases, especially 
on clay soils, for years. They are, therefore, always now reduced to 
small fragments before being applied, being graded according to their 
degi’ees of fineness, as “half-inch bones,” “crushed bones,” “bone 
dust,” “bone meal,” and “bone flour”. Sometimes bones are treated 


^ Jour. Chem. Soc., 1917, Trans., 620. 
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with acid, when the calcium ])}ios|)hat(*. dissolv(‘S, a, ml the oreariic; 
matter, from which ^lue is inadci, is left heliind. From the ac-id solii 
tion, })y the action of lime, the calcium ])hos|)ha/t(^ ca,n la* |)r( <*.ipita,l('d 
and the dried pi’oduct is sonietirn<iS sol(l as “ precipita,ted horn* flour ’ . 

Lar^e quantities of homis are obtaiiied from towns a,ml the} are 
now im]) 0 rted from Amei’ica and Africa. 4die,y ai’e slow in a,(?tion aaal 
their (dfect upon a soil often {‘Xtf*nds over scw'eraJ yea,i's. In ordc*i' 
to I’ender tlndr action more? ra])id they ai’(^ often (*,onveii(‘il into 
super-])hos])hatci oi* “ dissolved hones,” which will he dese-rihed laM'e- 
afl(‘r. 

Bone ash is im])orted fi’oin South Am{‘rica ; it, of (;onrs(‘, is a. purel\ 
mineral manur(\ the or^^anic matter having he(‘!i removed. ()e,elision 
ally, hones are fermenhul by moistenin^^ them witli urim* and h‘a,vin^ 
them ex])Ose(l to the air. 

The followin^^ analysc's will show tlu^ comjjosition of va,i*ious e.otn- 
mereial products from hones — 



i Uaw 
‘ hoia^s. 

F<'nn<*iit(‘(| 

! Sti'juni’h 
moal : 

Boni' 

aWi. 

Waticr. 

; ii-oG 

l2-()2 

7-()() 

I)-70 

(Jr/^anir; matter . . . . . 

! aO'lH 

2H-71 

iiO*on 


t!al(.*iurn phosphate . , . . 

: .hO'fh) 

'BI-tH 

(Won 


,, (;a,rl)onates and umh^teriuiiiod . 

! f)-02; 

j H*.)2 

?•:?<» 

j iu*n;i 

,\lkali salts ...... 

: 

U'TU 

Sand ....... 

O'.oo; 

I *07 

. '00 

U •(»'.) 


lOO'OO 

lUO-OO 

lOO'OU 


Nitrogen. 

smi : 

.‘BIT 

2*0 



Another product from hones is (dark, used in deccdorisiiie 

li(}uids, c.jj., su^nir Hyrii|); tliis consists of about 10 pta* c.ent finely 
divided carhon, iiiin^led witli tiie mineiMl constituemtH of l)one, often 
containing 75 to 80 per c(mt calcium phosjdiah*. It is nuuh* by hc*af 
ing })ones in closed retorts, amd afU*r it lias become so <dogge(i with 
colouring substanc(*s as to be usel(»ss for decolorising purposes it is 
vis!Hi und(n‘ the name of ** spemt char ” as a nnuiure, espiadaliy as it, 
then contains a small (luantity of nitrogen. 

Meat nmal or rimat [juano. This is tin* dri^al refuse, with hemes, 
from the manufacture of (‘Xtract of m(*at,” vie,, i'(‘duced to fine 
powder. A similar ])ro(hict is obtained by drying th<* of'faJ from 
slaughter-houses, dv., also in Geianany particularly, by drying the 
carcases of horses or cattle that have died from disekse/ UsViallv the 
fat and gelatine are fii’st remove<l by steamifig. Varitam other h\ 
products, r.g., the reluse from tin; mamifactiu'c* of “ fdeomiirgarine/' 
and from the manufacture of tallow, arf^ also used for the Ha.me pur¬ 
pose. These ])ro<Inets are usually fairly fre.e from grc'iise and e.onia}ii 
their fertilising materials in a reaclily fV*rmentahle form. 1Tie follow ing 
table gives the average contents of valuable ingre*<iifmts: - 
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Meat 

meal. 

German 

flesh 

meal. 

Oleomar¬ 

garine 

refuse. 

American tank¬ 
age from tallow 
refuse. 

Water . 

Nitrogen 

Calcium phosphate 

1 

10*0 per cent 
7*0 

27*0 „ 

28*0 per cent 
9*7 

13-7 

8’5 per cent 
12-1 

1-9 „ 

10*0 per cent 
G-7 „ 

2*6 „ 


Woollen ivaste, shoddy manure .—After wool has been spun into 
yarn, woven into a fabric, and worn, the rags are torn to pieces by 
appropriate machinery and the wool fibre again converted into cloth. 
This process may go on several times, until finally the fibres, known 
as “shoddy,” become so short that they will no longer hold together. 
They then constitute “shoddy waste,” or shoddy manure, and are 
useful as a source of nitrogen. 

Such manure is variable in composition, according to the treatment 
which the wool has undergone and the amount of oily substances 
(used in the cloth manufacture) left in it. 

The following analyses have been published :— 



I. 

II 

HI. 

IV. 

Water 

7*9 per cent 

15*8 per cent 

19*9 per cent 

_ 

Nitrogen . 

7*0 

G-5 „ 

6 to 8 ,, 

17*0 per cent 

Potash 

0*3 „ 

1*^ „ 



Phosphorus 



Ash = 16*7 „ 


; pentoxide 

i 

0-4 „ 1 

0*35 „ 




I. English commercial “ground wool 
II. American wool waste. 

III. Shoddy manure of high quality. 

IV. Average of pure wool. 

Substances of similar composition, sometimes used as nitrogenous 
manures, are hair from tanneries and horn chips. 

Hair contains about 10 to 14 per cent nitrogen, horn shavings 
about the same. 

An American product—horn and hoof waste—contains on the 
average— 


Water.* . . . 10’17 per cent. 

Nitrogen.13-25 ,, 

Phosphorus pentoxide.1*83 „ 


Wool, hair and horn suffer decomposition in the soil only very slowly; 
consequently they are not quick in their action, but afford a slow supply 
of nitrogen for a long period, in some cases for five or six years. They 
are used in the preparation of certain “mixed manures,” and especially 
in the cultivation of hops. Feathers, which resemble hair in composition, 
are also used as manure in Ireland. 

In fact, any animal matter, if obtainable in quantity, would furnish 
valuable manurial material. 
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Insects (for example, locusts) might with advantage be used as 
manure. A sample of locusts {Pachytylus mlcicollu) killed by immer¬ 
sion in boiling water, dried and ground to powder, was examined by 
the writer and yielded the following analytical figures:— 


Moisture 

Nitrogen 

Phosphorus pentoxide 
Potash . 

Lime 
Silica 
Total ash 


10*3 per cent. 
9*3 

1-48 „ 

0*52 „ 

0*28 „ 

1*53 ,, 

5*34 „ 


showing the product to be rich in manurial ingredients. The 
nitrogenous matter—doubtless consisting largely of chitin, the horny, 
external skeleton of the insects—would probably be somewhat slow 
in decomposing in the soil, but despite this, locusts should form a 
valuable manure. In the Argentine, in 1899, they gave excellent 
results when mixed with superphosphates. 

Even when the carcasses of animals are incinerated {e.g., with a view 
of preventing the spread of contagion during the prevalence of a disease) 
and the organic nitrogenous matter thus mainly destroyed, the ash left 
is possessed of considerable manurial value. 

A product obtained from a Yeterinary Bacteriological Station, 
where the bodies of the animals used were thus disposed of, was found 
by the writer to contain— 


Moisture.1-30 

*Loss on ignition.13*09 

Insoluble matter.13*78 

Iron oxide.5*17 

Lime.35*23 

Magnesia.0*66 

Potash.1*48 

Phosphorus pentoxide •..28*16 

Undetermined.1*04 


100*00 

* Containing nitrogen, 1*27. 

Evidently, from the occurrence of organic matter and nitrogen, the 
combustion of the bodies had not been complete. Probably the amount 
of iron oxide was increased in consequence of the presence of iron shoes 
and nails, for the carcasses employed were chiefly those of horses and 
mules. 


Soot ,—The soot collected from the imperfect combustion of coal 
contains a portion of the nitrogen of the coal in the form of ammonium 
salts and as organic nitrogenous compounds of an amine character. 
Its usefulness as a manure depends upon the nitrogen which it con¬ 
tains ; this varies from very little up to 3 or 4 per cent; on an average 
perhaps 1*8 or 2 per cent will be present. Soot is useful as an in¬ 
secticide. 

It also has a value in increasing the absorptive power of the soil 
for the heat rays of the sun and it has been found that, in bright sun¬ 
light, a soil may rise two or three degrees in temperature from the 
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.ri'A 


11 *1 


Hydrogen 

TO 

:r7 

a* a 

ii ' 

.i•7 

Nitrogen . 

1 7‘J 

•1 It 




AmIi , 

l-HO 

17 H 


I’hV ■ 

I »l 

Tar . 


1 

■11 II 

iV-1 

iO'l 

Sulphur , 

U'Tu 



'J :aj ■ 

17 

(jhlonne . 

0'2A 

I'Uh 

II'07 

li’li ■ 

l'’W, 

Acidity . 


tr'is 

IC’t.? 

O'71 

mi! 


Accoj'(lin |4 to thftHc iMvesli|»alioiis. abtiiii !lfi p'r laaii oS niiioifi ii 
irt HOot is pri'Hi'Ot an ammotiimn Halts, f,tioit|^4i Hoiiii' f'onl4 fi* 
in the form of pyrhline ImneH. htiik} soot in nl^wn^ ijeh«a in 

nitrogen than the deimer varielieH aii*l i.fieiefcire \ ah.ialil*" for 

nmmiria! piirixmfm. A good mniple ought iioi to vongh tmer fluiti 
2H lb. per Imsliel. 

Coal anil,—An a rule the ash of coal is coiii|iiiia?iiefi pnoi m 

manurial ingredients, and though, on hoiih* nods, oti-il ab lien 

* Ceilmn and HiihIoji, denr. Her. f'lenfi, fiaL, 
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advantage be used, it probably acts mainly by its intiuence on the 
porosity and other physical properties of the soil rather than as a true 
manure. The usual proportion of phosphorus pentoxide in the ash of 
coal appears to be about 1 per cent and rarely exceeds 1*5 per cent, 
but the author found, in the ash of a coal from Witbank in the Trans¬ 
vaal, 5*5 per cent. Only one other similar instance has been recorded, 
so far as the author can ascertain, and that was in the case of the ash 
from a coal from Porthmawr in Wales, which, according to an analysis 
by Phillips,^ contained 6*6 per cent of phosphorus pentoxide. 

Though in such coal ash the phosphorus is probably locked up in 
a somewhat insoluble form, it might furnish a useful source of plant 
food in districts where phosphates are difficult or expensive to procure. 

Oil-cakes. —These, the residue of husks, clc., left after the oil is 
expressed from certain seeds, are often highly nitrogenous and 
generally contain considerable quantities of phosphates and potash; 
indeed, of all forms of plant food. Usually they are used as food for 
animals; but in some cases, owing to the presence in the seed of 
poisonous, or unpalatable substances, they are only fit for manurial 
purposes. 

Eape, mustard, cotton and castor cakes are the principal ones used 
for manure, and of these, cotton cake but rarely. The percentages of 
the important constituents in such cakes are given in the following 
table:— 



Indian 
rape cake. 

Cotton-seed meal: 
undecorticated. 

Castor 

cake. 

Water. 

12-0 


9-5 

Nitrogen . . . . . 

5-5 

4-3 

5*5 

Potash. 

— 

1*5 

1*1 

Phosphorus pentoxide . 

_ . 

3-1 

1*7 

Oil. 

10-3 

5-0 

4*0 


These substances decompose slowly in the soil, so that they are not 
quick-acting manures. They give better results, as a rule, on clay soils 
than on light sandy ones. 

When the oil has been extracted by solvents the cake is of greater 
value as a manure, since not only is it richer in the proportion of 
valuable ingredients, but the absence of oily matter permits of more 
ready access of water and thus favours oxidation. 

Miscellaneous vegetable refuse. — Almost any vegetable product 
capable of easy fermentation may be usefully employed as manure. 
Gardeners realise this, and cabbage stalks, leaves, turnip tops and even 
weeds, when made into a compost, yield valuable manure. Other 
vegetable refuse, e.g., coffee grounds, tea leaves, banana skins and 
stalks, etc., may be profitably utilised, if obtainable in sufficient 
quantity. 

^ Quoted in Muspratt’s Dictionary of Chemistry. 
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Special Manures. 

In the previous chapter the chief organic manures have been de¬ 
scribed ; it remains to consider the other substances, generally of 
mineral or artificial origin, which are employed as fertilisers. They 
may be conveniently divided into four groups :— 

I. Nitrogenous Manures. 

II. Phosphatic Manures. 

III. Potash Manures. 

IV. Miscellaneous. 

Many of the organic manures already described contain variable 
quantities of all the chief manurial substances, but those about to be 
dealt with are, as a rule, intended to supply only one important item 
of plant food. Their employment gives the farmer, therefore, the power 
of applying exactly what he thinks may be necessary, without the 
introduction of other plant food with which his land may already be 
abundantly provided. Their general introduction into farming prac¬ 
tice has thus rendered easy a far more scientific treatment of the soil 
• than was possible with complex manures only. 

I. NITROGENOUS MANURES.— These include the two impor¬ 
tant substances, sodium nitrate and ammonium sulphate, the recently 
introduced calcium cyanamide and nitrate of lime, and also the less 
abundant and more expensive potassium nitrate. 

Sodium Nitrate, “Chili Saltpetre,” occurs in the enorrnous 
nitrate deposits of Peru, Chili and Bolivia. It is found in rainless 
districts and comparatively near the suiface, covering a huge desert, 
devoid of both animal and vegetable life. The raw product known as 
caliche, is found beneath a covering consisting of two layers, the upper 
one of sand and gypsum and the lower of baked clay and gravel; be¬ 
neath the caliche is a soft earth known as com. The thickness of 
the caliche varies from a few inches to 12 ft. It is extracted by boring 
through the upper layers and introducing a charge of gunpowder, 
which, when fired, exposes a considerable quantity of the material. It 
is then broken up by means of picks and carried to the refinery.^ 

1 See Article by Aikman in Blackwood^s Magazine, March, 1892, and Report 
on the Nitrate Trade of Ohili, Jour. Soc. Ohem. Ind., 1890, 661. 
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There it is purified by crystallisation. This is done by dissolving in 
water by the aid of heat, allowing the solution to settle, and then run¬ 
ning it into tanks, where, on cooling, crystals of sodium nitrate are de¬ 
posited. The mother liquor is then run off the crystalline mass and 
treated with sodium sulphite and sodium bisulphite (made on the spot) 
in large wooden tanks lined with pitch. A precipitation of iodine then 
takes place by the decomposition of the sodium iodate always present 
in the caliche. The reaction is— 


2 NaI 03 + SNa^SO, + 2NaHSO, = 5Na.SO, + I> + H,0. 

The iodine is then purified by sublimation and forms an important 
source of profit. 

The crystals of nitrate are slightly rinsed with water, to wash out 
the mother liquor adhering to them, and are then dried in the sun. 
The average composition of the product, as it leaves the works, is said 
to be— 


Sodium nitrate 
Water . 
Sodium chloride 
Sulphates 
Insoluble matter 


96*75 per cent. 
2-10 
0*75 
0*80 
0*10 


The proportion of iodine obtained is about 50 grammes per 100 kilo¬ 
grammes of crude nitrate.^ 

The composition of the caliche varies greatly, and, as a rule, the 
larger the proportion of sodium nitrate present, the less iodine does it 
contain. It is usual to mix the various qualities so that the mixture 
becomes fairly constant in composition— 


Earth, stones, etc . 

Sodium nitrate. 

Magnesium, calcium and sodium chlorides 
Water, sulphates and other salts 


50 per cent. 
35 „ 

10 „ 


x\ssociated with the nitrate in the caliche, a large number of 
different salts have been detected, including sulphates, nitrates, 
chlorides, iodates and borates of calcium, magnesium and- sodium. 
There are also traces of chromium, existing probably as" calcium 
chromate.^ 

Pure sodium nitrate is a white crystalline salt containing no 
water of crystallisation, but generally holding a small quantity of 
hygroscopic moisture. Indeed, in moist air it is deliquescent. In 
addition to its use as a manure, it finds application in the arts as a 
source of nitric acid and in the manufacture of gunpowder and of 
potassium nitrate. 

The product supplied for agricultural purposes is supposed to con¬ 
tain 95 per cent or over of real sodium nitrate and thus to yield more 
than 15*6 per cent of nitrogen. Being extremely soluble and diffusible, 
it is at once available to plants and should only be applied when the 


^ Report on the Nitrate Trade of Chili, by Consul-General Walker, 1890. 
2 Buchanan, Jour. Soc. Ohem. Ind., 1893, 12S. 
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crop is sufficiently grown to be capable of assimilating it; otherwise, 
since it is not retained by any constituent of the soil, considerable loss 
in the drainage may occur. Nitrate of soda is poisonous to animals 
and should not be left about in places to which cattle have access. Its 
saline taste induces cattle to eat it, in districts whei*e they show great 
eagerness for salt, and the results are often fatal. 

In 1897 ^ Sjollema found that in many cases, in Holland and Bel- 
ffium, rye was damaged by the application of “nitrate of soda”. On 
fnvestigation he found that the injury was due to the presence, in the 
nitrate, of perchlorates. In a number of samples examined he found 
from 6-14 to 6*79 per cent of perchloric acid (CIO4). By direct ex¬ 
periment, he showed that potassium and sodium perchlorates retard 
germination and cause the leaves of plants to which they are applied 
to become yellow. 

Other investigations have confirmed these results ; e.cj., Zaharia, 
as a result of an examination of 206 samples of Chili saltpetre at Halle, 
found one sample containing between 5 and 6 per cent, one 3 to 4 per 
cent, three 2 to 3 per cent, eleven 1-5 to 2 per cent, thirty-nine BO 
to 1*5 per cent, while the remaining 151 contained less than 1 per 
cent of perchlorate.^ 

Maercker in 107 samples of Chili saltpetre found— 




Nitrogen. 

Sotliiim nitrate. 

Sodium perchlorate. | 


Maximum .... 

15-6 per cent 

94-7 per cent 

5*64 per cent 


Minimum .... 

13*8 

83*8 „ 

0'27 „ 


Mean .... 

15*1 

9L6 „ 

0-94 „ 


and Crispo-^ gives the following analyses of specimens of Chili salt¬ 
petre from the same cargoes as those which had been observed to have 
a harmful effect upon plants :— 





I. 

II. 

in. 

IV. 

Nitrogen 



15-44 

15-70 

15-40 

15-40 

Water 

, 


1*97 

1-69 

3-05 

3*32 

Sodium nitrite 

. 


0 00054 

0-00054 

0-00054 

0-00054 

,, chloride . 



0-15 

0-17 ' 

1-55 

1-09 

Magnesia 

. 


0-089 

0-077 

, 0-217 ■ 

0-25 

Sodium iodate 

, 


0-004 

0-015 

0-040 

0-083 

j ,, perchlorate 

* 


1-04 

0-97 

0-93 

0-90 


That sodium perchlorate has an injurious effect on most plants 


^Ann. Agron., 1897, 328; Jour. Cbem. Soc., 1897, Abstracts, ii. 585. 
Bied. Zentr., 1899, 511; Jour. Chem. Soc., 1899, Abstracts, ii, 799. 
Jabr. iiber Agric. Chem., 1899, 105. 

4 Ann. Agron., 1898, 92. 
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appears certain, but the quantity which is perinissible in sodium nitrates 
is a matter on which much diversity ot‘ opinion appeuirs to (^xist. 

Zaharia (just (piottHl) found that solutions (jontainin^^ h^ss tlum 0*1 
per cent of pei'chlorate had little or no effect upon th(^ ^^erndnation of 
beet, rye and wheat, though oats were alfecteid, 'Hui siunjlings, how¬ 
ever, were injured by even much weakei* solutioiis, oats bfdng most 
affected, then rye, wheat and lastly barley; a 0*001 pcir cent solution 
liad no effect on })arley and wlieat, })ut injiu*ed oats, f found that 
the application of nitrate containing I ])(‘r cfuit ])erch!orjit(‘ d(*cr(*4ised 
the production of grain and stimv about 4 per cemt, while nitratf^ (jon- 
taining 2 per cent lessened the grain by 25 ])(*r cent and afhH;ted the 
straw to an even greater extcnit. 

])e Galuw'e ^ found that sodium perchlorate was r!ior(^ ]‘K)isonous 
than the potassium salt, lye and mai>^f; being the most susceptible 
crops. The application of 150 grammes of sodium nitratf^ to tlu^ S({uai‘e 
metre gave a crop of 6*7 kilogrammes with pure nitratcy but whem tln^ 
nitrate contained 2*67 per cent of sodium ])erchlorat(‘ tin* yitdd was 
only 3*35 kilogrammes, w'hile nitrate containing 4 to 5 per cent of the 
perchlorate proved fatal in all cases. 

Sodium nitrate is the most important artificial som*(U‘ of nitrogen 
and has taken the place, to a great extent, of guano; as th<i supplies 
of the latter substance have now been almost exhausifnl, it tuduraJly 
occurs, to one that a similar fate may soon befall the. su|)])lir‘H of nitrate. 
Various estimates of the total available nitrate in tlu* (htposits of Ghili, 
Peru and Bolivia have been made, ranging frotti 63,000.000 to 
178,000,000 English tons. In 1805 the total (‘.xport from Houth 
America reached 1,220,000 tons, while in 1910 it was 2,285,000 tons. 
The following statistics, giving the estimated total world's consumption 
of nitrate of soda in the various years, may he of inhu’cst; 


Year. 

WorUl's {;c>nHuiu|)ti(>ri, 

mi 

100 

1840 

7,200 

1860 

50,0(K) 

1870 

10H,0(Ki 

1880 1 

22H,(KK) 

1860 1 

RHr),0(K) 

1900 1 

1,824,000 

1910 

2,260,0(K1 

1911 1 

2,420,4(K) 


Fri(n‘ per owt, <»n 31 Dm;, 


2 Hh. Od. 
20h. r»d. 
irm, Od. 

ir,H. Od. 

I4h. Hd. 
7 h. TJd. 
H«. ThI. 
9«. Od. 
Ok. Od. 


During the earlier years, England cormuined tlm greateo’ portion of 
.the total production. In 1875, the amount consumed in the IJnited 
Kingdom was 165,000 tons, while the European continent uhcwI only 
132,000 tons. In 1879, however, the continental conBumption, for* 
the first time, exceeded that of the United Kingdom and since then 


* Bull. Assoc. Beige des Ghim., 12, B6B; Jour. Bor^. Chom. 1ml, IHilU, 114. 

10 
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has enormously increased, mainly because of the development of the 
sugar-beet crop, while that of this country has remained stationary 
or even diminished. 

The following table, giving the estimated consumption of nitrate, 
in tons, for the years mentioned, will show how greatly the use of 
nitrate has increased in other countries :— 


Nitrate of .soda 
con.sniiied in— 

1894. 

1898. 

1902. 

1906. 

1910. 

United Kingdom 
Continent of Europe . 
United States . 

Other countries . 

Whole world 

114.500 

749.500 
100,000 

964,000 

132,000 

900,000 

142,000 

12,000 

1,186,000 

111,000 

917,000 

214,000 

17,000 

1,259,000 

108,000 

1,135,000 

355,000 

38,000 

1,636,000 

120,000 

1,531,000 

510,000 

89,000 

2,250,000 


s. d. 

s. d. 

s. d. 

s. d. 

s. d. 

1 Average price per cwt. 

! on 31 Dec. 

1 

8 lOJ 

7 7i 

9 li 

11 1-1 

9 6 


Ammonium Sulphate. —When organic nitrogenous bodies are 
submitted to destructive distillation, i.e., heated strongly without ac¬ 
cess of air, the nitrogen which they contain is, to a great extent, ex¬ 
pelled as ammonia, which is carried away in the vapours and gases 
simultaneously produced. The most important operation of this kind 
is the distillation of coal, and it is mainly from this source that the 
supplies of ammonium compounds are obtained. Ordinary coal con¬ 
tains a little over 1 per cent of nitrogen, and when burnt in the usual 
way, this nitrogen escapes into the air, mainly in the free state. When 
coal is distilled, however, a portion of the nitrogen is liberated as am- ' 
monia and is found in the so-called “ ammoniacal liquor” which 
results from the cooling of the vapours evolved during the distillation., 
Coal is distilled for the production of coal-gas for illuminating purposes 
and also, in a somewhat different manner, for the manufacture of the 
special coke used in iron smelting. Gasworks and coke ovens thus 
provide a large share of the “ ammoniacal liquor” which forms the 
raw material for the manufacture of ammonium salts. A similar 
operation is the distillation of the bituminous shales used in the 
Scotch paraffin industry, while the production of pig iron is sometimes 
effected by the use of coal instead of coke, and, in this case, arrange¬ 
ments are sometimes made by which the ammonia and tarry products 
which are evolved during the first stages of the heating of the coal, 
may be collected. Another source of ammonia is the liquid condensed 
from the “producer gas” and “water gas,” formed when a current oit 
air or steam is forced over red-hot coal. 

The product obtained in any of these processes is a complex mix¬ 
ture consisting of an aqueous solution of ammonium sulphide, car¬ 
bonate, thiosulphate, thiocyanate and chloride. 

The composition of gas liquor may be gathered from the following 
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analyses of products obtained from the Leeds gasworks, I in 1883 ^ 
and II in January, 1901 ^:— 



I. 

11. 

Total ammonia ...... 

20*45 

19*45 grammes per litre 

,, sulphur. 

3*92 

4*22 „ 

Ammonium sulphide. 

3*03 

3*72 „ 

„ carbonate. 

39*16 

33-97 

,, chloride. 

14*23 

12-61 

,, thiocyanate .... 

1*80 

0-93 

„ sulphate ..... 

0*19 

0-03 

,, thiosulphate .... 

2*80 

3-84 

,, ferrocyanide .... 

0*41 i 

trace „ „ 


Organic bases and other substances were also present, but were 
not estimated. 

In order to prepare a marketable commodity from this liquid, it is 
heated and lime is added. The ammonia volatilises, partly as car¬ 
bonate and sulphide, partly as free ammonia, and is received in sul¬ 
phuric acid, whereby sulphate of ammonia is formed, and carbon 
dioxide, sulphuretted hydrogen and other gases are evolved; these 
are led away and suitably disposed of. The liquid is then evaporated 
in leaden pans until it crystallises. Formerly the ammoniacal liquor 
was sometimes directly neutralised with sulphuric acid and the solu¬ 
tion evaporated. In this case the resulting sulphate was impure and 
contained the highly objectionable thiocyanate, NH4CNS, which is 
very injurious to vegetable life. Its detection in a specimen of sul¬ 
phate is easy, its presence being at once indicated by the production 
of a blood-red coloration when the solution is mixed with a little 
ferric chloride solution. In the modern product, this impurity is. 
rarely present. Another possible impurity of importance is arsenic,, 
which may be present in the sulphuric acid ; it, too, is objectionable,, 
being highly poisonous both to animals and plants. 

The sulphuric acid used in the manufacture of sulphate of am¬ 
monia ought to be either the arsenic-free acid specially prepared for 
the purpose from brimstone, or pyrites acid which has been freed from 
arsenic. Certain forms of Spanish pyrites give acid containing as; 
much as 1 per cent or even 2 per cent of arsenious oxide, and a few 
years ago were brought into prominence from the numerous cases of 
arsenic poisoning by' beer, the arsenic being traced to the sulphuric 
acid used in the preparation of the glucose added to the wort in the 
brewing. Arsenic, if present in large quantities, usually imparts a 
yellow colour (due to AS2S3 [?]) to the ammonium sulphate. 

^S. Dyson, Jour. Soc. Chem. Ind., 1883, 229; Jour. Chem. Soc., 1884, Ab¬ 
stracts, 928. 

2 A. W. Cooke, Jour. Soc. Chem. lud., 1901. This sample represented the 
yield of three works, a total of about 6000 tons of liquor. For an account of the 
composition of gas liquor obtained at various stages of the distillation, etc., vide 
L. T. Wright, Journal of Gas Lighting, 48, 280; or abstract in Jour. Soc. Chem. 
Ind., 1886, 655. 
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Theoretically, coal containing 1’3 per cent of nitrogen ought to 
yield about 149 lb. of sulphate of ammonia per ton ; but in practice, 
the coal used in gasworks and for coke-making only gives about 20 lb. 
of sulphate per ton of coal, owing to a large portion of the nitrogen 
being retained in the coke, some being evolved as free nitrogen and 
some as pyridine, pyrrol and other nitrogenous tarry products. 

In the manufacture of producer and water gas, especially by some 
of the most recent methods {e.g., by the ''Mond” process), where the 
temperature is kept low, the yield of sulphate may amount to three or 
four times that just given. 

The magnitude of the ammonium sulphate manufacture may be 
judged from the following table, which gives the production, in tons, in 
the United Kingdom during the years 1899, 1907, 1908 and 1909^:— 



1899. 

1907. 

1908. 

1909. 

From gasworks ...... 

133,000 

165,474 

165,218 

164,276 

,, iron works. 

18,700 

21,024 

18,131 

20,228 

,, shale works. 

37,300 

51,338 

53,628 

57,048 

,, coke ovens . . * . . 

— 

53,572 

64,227 

82,886 

- „ producer gas and carbonising works 

13,000 

21,873 

24,024 

24,705 

Total. 

202,000 

313,281 

325,228 

349,143 


In 1910, the total production of this country was 367,587 tons. 

In 1909, 264,000 tons of sulphate of ammonia were exported, leav¬ 
ing about 85,000 tons for home consumption. In 1908, the figures 
were 235,000 and 90,000 tons respectively. 

If a successful method of utilising the sulphur, always present 
in coal, in the formation of sulphuric acid, could be devised, a further 
cheapening of sulphate of ammonia would result. The price of sul¬ 
phate of ammonia varies considerably, but is usually about 12s. per cwt. 

During the past four years, the demand for sulphuric acid for war 
purposes—the manufacture of explosives, etc .—has led to attempts 
to make “ nitre cake ”—^the residue from the manufacture of nitric 
acid from sodium nitrate and sulphuric acid,* which consists essentially 
of sodium hydrogen sulphate, NaHSO^—serve as a substitute for sul¬ 
phuric acid, in the manufacture both of sulphate of ammonia and of 
superphosphate. When ammonia is absorbed by a solution of “ nitre 
cake” the resulting liquor contains sodium sulphate and ammonium 
sulphate. Separation can be achieved by cooling the concentrated 
liquor to 10" C., when Glauber’s salt, NagSO^.lOH^O, separates out, 
and then by evaporating the mother liquor at 100° C. almost pure 
ammonium sulphate crystallises out. . In this way about 75 per cent 
of the ammonium sulphate can be recovered.*^ 

If the mixed sulphate solution be evaporated at about 40° a double 
salt, (NH 4 ) 2 S 04 .Na 2 S 04 . 4 H 20 , crystallises out and has been proposed 

Report of Chief Inspector of Alkali Works, 1910; abstract in Jour. Soc. Ohepn. 
Ind., 1910, 942. 

^Dawson, J.C.S., 1918, Trans., 675. 
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as a manure. Such a product would contain less than 10 per cent 
of ammonia. 

Calcium Cyanamide. —This substance was prepared by Franck 
and Caro in 1895, by the action of nitrogen upon strongly heated 
calcium carbide. It was first used as a manure in 1901. 

The reaction involved in its production is simple :— 

CaC^ + N, = CaCN, + C, 

calcium carbide and nitrogen yielding calcium cyanamide and free 
carbon. The temperature required is said to be about 1000“" C. and 
the nitrogen is obtained from the air by removal of oxygen, either by 
.means of heated copper, or by fractional distillation of liquid air. It 
is said that the addition of a small quantity of calcium chloride to the 
calcium carbide, enaldes the reaction to occur at a lower temperature 
(Polzeniusz). 

A similar product is formed when lime or chalk is heated with coke 
or coal to a temperature of 2000° in a current of air. 

Two forms of calcium cyanamide were put on the markc^t-—one 
prepared by the Caro and Franck process known as “ Kalk-stickstoff ” 
or “lime nitrogen,” the other by the Polzeniusz process, known as 
“ Stickstoffkalk ” or “Nitrolime” or “Nitrolim 

Many factories for its pi’oduction have been erected and a consider¬ 
able trade has already been established. Works in Italy, Dalmatia,, 
France, Switzerland, Germany, Norway, Japan, and near Niagara are 
in operation. The commercial jiroduct is a fine, nearly black powder; 
with an alkaline reaction and the unpleasant odour characteristic of 
commercial calcium carbide. It contains much impurity, indeed, 
usually only from 48 to 58 per cent of real calcium cyanamide, the 
remainder consisting of lime (16 to 30 per cent), carbon (12 to 16 per 
cent), oxide of iron (2 to 4 per cent), and sand (4 to 7 per cent). The 
“ nitrolime ” form contains 5 or 6 per cent of calcium chloride. 

Its nitrogen content is usually about 20 per cent; pure calcium 
cyanamide would contain 35 per cent. 

When exposed to the air, it absorbs moisture and carbon dioxide, 
but does not become damp. 

The constitution of the real calcium cyanamide is shown by the 
formula— 

^Ca 

Nf 

:: N 

which is to be regarded as derived from cyanamide, FI^N-CN, by the 
replacement of the two atoms of hydrogen by cakium. 

By exposure to air, the calcium is slowly converted into hydroxide- 
and carbonate, and cyanamide is liberated :— 

Ca: N.CN 4- 2R,0 = GaH,0, + H.>: N.CN, 
and Ca : N.CN 4- Hp + CO, - CaCO, + N.CN. 

The cyanamide then polymerises, yielding dicyano-diamide, 

2H, : N.CN = NH : C(NH2)NH.CN.' 
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This substance, cyano-guanidine according to Bamberger,^ has a 
toxic action on plants. When calcium cyanamide is applied to soils, 
however, it undergoes nitrification and produces much the same effect 
as an equivalent amount of nitrogen applied as sulphate of ammonia. 
At first, however, nitrification is inhibited, especially if the dressing be 
a large one. Probably another portion of the cyanamide may split up, 
yielding ammonia and dicyanamide— 

2H, : N.CN = NH, + H.N : (CN),. 

According to Kappen ^ the micro-organisms of soil are capable of 
readily bringing about the decomposition of cyanamide or of calcium 
cyanamide, but affect dicyanamide or dicyano-diamide very little, 
if at all. 

Field experiments show that, as a nitrogenous manure, calcium 
cyanamide is nearly equal to sulphate of ammonia, and that the fears 
expressed that if applied at the same time as the seed it was injurious 
to germination (deduced from pot experiments), are not justified on the 
large scale, provided excessive quantities of the manure are not used.^ 

The cost of production of calcium cyanamide is mainly determined 
by that of calcium carbide, which, in turn, depends chiefly upon that 
'of electricity. Only where large sources of power are obtainable at a 
cheap rate water-falls), can the process be carried out economically, 
and, under the best of conditions, the cost of production probably equals 
that of the same amount of nitrogen as nitrate of soda or sulphate of 
ammonia.^ 

Nitrate of Lime. —The formation of nitric acid when electric 
sparks are passed through moist air was noticed by Cavendish in 
1785. In recent years, successful attempts to practically utilise this 
reaction in the manufacture of a nitrogenous manure have been made. 
In 1905 the first factory designed for this purpose was started at 
Notodden in Norway, working according to a method devised by 
Birkeland and Byde. Air is passed through a specially constructed 
electric furnace in which the arc, produced by an alternating current, 
is spread out into a flat flame by means of powerful electro-magnets. 

The effect of the high temperature is, first, to dissociate the mole¬ 
cules of gaseous oxygen and nitrogen into atoms :— 

N, = 2N 0., =20 

and then to cause combination between the atomic oxygen and 
nitrogen :— 

0 4- N = NO. 

This last reaction is reversible and the condition of equilibrium is de¬ 
termined by temperature. 

According to Nernst, the following figures give the observed and 

^ Ber., 1893, 26, 1583; Jour. Chem. Soc., 1893, Abstracts, i, 494. 

2 Bled. Zentr., 1908, 37,204; Jour. Ohem. Soc., 1908, Abstracts, ii. 414. 

^ Hendrick, Trans. High, and Agric. Soc., Scotland, 1909,133, and Muntz and 
iTottin, Compt. Bend., 1908, 147, 902; Jour. Ghem. Soc., 1908, Abstracts, ii, 88. 

^ Vide Paper by Guye, Jour. Soc. Chem. Ind., 1906, 567. 






NITBATE OF LIME. 


151 


calculated (on the basis of the law of mass action) percentages of 
nitric oxide in air after being raised to the various temperatures. 


Temperature. 

1 

Per cent hy vol. of NO observed. 

Calculated. 

2083° 

0-37 

0*37 

2306° 

0-64 

0-67 

2468° 

0-97 j 

0*98 

3473° { 

5-00 

4-40 


Not only is the amount of nitric oxide greater at high tempera¬ 
tures, but the reaction occurs more rapidly. It is important that the 
cooling of the gases after the transformation be as rapid as possible, 
otherwise the reversed reaction leads to a great destruction of the 
nitric oxide first formed. When, however, the temperature has sunk 
to about 600°, the nitric oxide unites with additional oxygen to form 
nitrous fumes which escape reversal. 

The gases obtained, in practice, only contain about one or two per 
cent by volume of nitric oxide as they come out of the furnace. The 
nitrous fumes are absorbed in water or in alkaline solutions and yield 
either nitric acid or nitrates or mixtures of nitrates and nitrites. Usu¬ 
ally an excess of lime is employed and basic calcium nitrate is thus 
obtained, containing about 75 per cent of Ca(NO.J^> and some free 
lime. 

A very simple form of apparatus has been devised by Schonherr for 
the Badische Anilin und Soda Babrik,^ consisting essentially of an iron 
tube provided at one end with an insulated concentric electrode, from 
which, on passing the current, an arc springs to the adjacent part of 
the iron tube which forms the other electrode. A current of air passed 
through ihe tube, carries the end of the arc along, so that a column of arc 
flame is produced, burning quietly in the axis of the tube and surrounded 
by the air passing through the tube. The gases which leave the tube 
traverse a firebrick flue surrounding the furnace, thus heating the air 
supply. The solution of calcium nitrate obtained at a later stage can 
be evaporated by the heat generated by the arc. A large factory to 
work this process is to be established in Norway, and is expected to 
use about 140,000 horse-power. 

The commercial nitrate of lime is a white or yellowish substance 
containing about 13 per cent of nitrogen, readily soluble in water and, 
unfortunately, deliquescent. In field trials, it has j)roved quite equal 
to nitrate of soda, and on many soils, superior, because of its supplying 
lime as well as nitrogen. 

Ammoniuni Nitrate. —This substance, NH^NOy, would be a very 
concentrated nitrogenous manure, containing, as it does, 35 per cent 
of nitrogen. It has not, unfortunately, been obtained at a sufficiently 
cheap rate to allow of its being used as a manure. Its deliquescent 

1 Berntlisen,- Seventh Intern. Congr. Appl. Chem., 1909; Jour. Soc. Chem. 
Ind., 1909, 706. 
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character would render it difficult to handle even if it could be obtained, 
cheaply. Possibly the attention which has been devoted to its produc¬ 
tion on an enormous scale for use in the manufacture of explosives 
during the war, will lead to its cheap production for manurial purposes- 
It is, of course, the most concentrated of all nitrogenous manures and 
the cost of its preservation in closed vessels might be compensated foi‘ 
by its saving of weight in transport. 

Production of Ammonia by Direct Synthesis. —The direct union 
of nitrogen and hydrogen has been achieved and successfully carried 
out on a commercial scale by a method devised by Haber.^ The 
essential features of the process have been described but the published 
information regarding the details is scanty. 

Pure nitrogen and pure hydrogen in proper pioportions are cona- 
pressed to 180 or 200 atmospheres and biought into contact with a 
suitable catalyst at a proper temperatiu’e, when ammonia is foimed* 
The pure nitrogen can be obtained by liquefying air and separating the 
less volatile oxygen by a process of fractionation. The hydrogen can 
be obtained by the electrolysis of water or, more cheaply, fiorn water 
gas (a mixture of carbon monoxide and hydrogen) by passing it over 
heated ferric oxide. A still better way is said to be by cooling water 
gas by means of liquid air, so as to liquefy the carbon monoxide and 
nitrogen, leaving only the hydrogen in the gaseous condition. The 
catalysts employed may be osmium, uranium, manganese or iron. In 
jDractice, iron containing small quantities of other metals is found 
efficient, and the ammonia formed is removed by circulating the com¬ 
pressed gases through a refrigerating apparatus kept about - 70” C* 
so that the ammonia liquefies and almost solidifies. The temperature 
of the catalyst is kept about 600” to 650°. The difficulties in cariying 
out the process are largely mechanical ones connected with the con¬ 
struction of retorts capable of standing the high pressures (at a low red 
heat). It is said that about one million tons of synthetic ammonium 
sulphate are being made annually by the Badische Anilin und Sod& 
Pabrik, near Ludwigshaven. 

The ammonia produced by the process can be converted into sul¬ 
phate or nitrate by treatment with the respective acids, or it can be 
converted into nitric acid by means of air or oxygen with the aid of & 
catalyst. Ostwald in 1902 used platinum covered with platinum blacky 
but catalysts of iron or iron containing small quantities of copper 
thorium, cerium, tungsten, bismuth or other metals can be employed» 

Potassium Nitrate. —This substance, though doubly valuable 
a fertiliser, inasmuch as it supplies both potassium and nitrogen in m 
directly available form, is too expensive to be used as a manure except 
under special circumstances. Like sodium nitrate, it occurs as a de¬ 
posit in rainless districts in the tropics, especially in India. It 
also made by the so-called “ Nitre plantations ” in France and othier 
countries. These consisted of heaps of earth, old mortar, road scrapings 

1 Ilaber and Rossignol, Zeife. Electrochem., 1^13, 53; J.S.O.I., 1913,134; also 
Maxted, J.S.O.L, 1917, 777. 
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rich in calcium carbonate, etc., mixed with decomposing animal matter, 
•protected from the rain by a shed, and placed on an impervious floor. 
The heap was watered periodically with urine, liquid manure, or other 
liquid rich in animal nitrogenous matter. Nitrification under these 
favourable conditions took place rapidly, and the liquid draining away- 
contained large quantities of nitrates of potassium and calcium. At 
long intervals the heap was lixiviated with water and the solution 
mixed with wood ashes or potassium carbonate, when calcium carbonate 
was precipitated and removed and potassium nitrate was extracted from 
the solution by evaporation and crystallisation :— 

K 0 CO 3 -f Ca(N 03 )^ = CaCO^ + 2 KNO 3 . 

It is probable that the saltpetre of India owes its origin to a similar 
action of nitrification, the potash coming from the minerals in the soil. 

Potassium nitrate is now made in large quantities from sodium 
nitrate and potassium chloride, which when mixed in solution and 
evaporated yield, first, sodium chloride crystals, and then, on cooling, 
potassium nitrate. 

The properties of saltpetre are well known and need not be de¬ 
scribed here. 

11. PHOSPHATIC MANURES.— Several of the manures already 
described are mainly valued for the phosphates they contain ; this is the 
case with the non-nitrogenous guanos, steamed and burnt bones, etc. 
There are other sources of phosphoric acid of greater importance, which 
must now be described. Before mentioning the manures themselves, 
it may be advisable to briefly describe the various forms in which 
phosphoric acid occurs in fertilisers. These are— 

(1) As tricalcium phosphate, Ca 3 (POj 2 apatite (Ca 3 P 20 g) 3 .CaCl 3 , 

or (Ca 3 P 30 g) 3 .CaP 2 , or (Ca 3 P 208 ) 3 Ca(OH) 2 . 

( 2 ) ,, dicalcium phosphate, Ca.;il 2 (P 04)2 or CaHP 04 . 

(3) ,, monocalcium hydrogen phosphate, CaH 4 (P 04 ) 2 . 

(4) ,, free phosphoric acid, II3PO4. 

(5) ,, ferric or aluminium phosphate, PeP04 or AIPO4. 

( 6 ) ,, tetracalcium phosphate, Ca 4 P 209 . 

Tricalcium 2 )hosphate is a white, almost insoluble substance, which 
dissolves easily in acids. It is the form in which phosphoric acid 
occurs in bones, in most mineral phosphates, and to a large extent in 
guano. The solubility of the salt in water, free from carbon dioxide 
and air, is, according to Pollaccil 0*0098 gramme per litre at 12*5°, 
or, if the phosphate be dried at 25*^ instead of moist, 0*0181 gramme; 
if the water be saturated with carbon dioxide it dissolves 0*1605 at 
10*5°. The solubility and particulariy the rate of solution depend 
greatly upon the physical condition of the phosphate, being favoured 
by fineness of subdivision, porosity and an amorphous state. 

The most important mineral phosphate is apatite, which has 
a composition corresponding to the fox-mula 3 (Ja 3 P 2 ^ 8 -^^^l 2 » 
SCagP^Og.CaF^, the varieties being sometimes distinguished by the 

^ Jour. Chem. Soc., 1897, Abstracts, ii. 260. 
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names— chlor-apatit(‘ and flu()-a])atit(*; tJiis substuiiet* as hexa- 

cronal crystals, often of a or yellow colour. Many of tljc mineml 

phosphates consist of what is practicaJly aniorphous jipatile. 

Diccdcium (laHPO.i. wbm pivpanai hy ])red|)itatk>in m 

a white solid coiitainin^^ 2 molecules of water, ft is only sli^ditly 
soluble in water, but its solubility is ^teatly intn'eased f>y the presence 
of many neutral salts, e.f/., aiuinonium citrate. It proladily is riiore 
readily dissolved by the acid juices of plauts roots than is triciikdiiiri 
phosphate. By lon^^ boiliut^ with water, it is said to yield a mixture of 

tricalciiini aiurnionocalcium ])hospha,tes :.- 

ddallPO, - (laMhO, C'aIl|PJh. 

Mon<u-M(iimii phmphalr, (’all,eau he ohiained in tliin 
rhombic plates. It is best pre[>an*d hy dissolvitse «lic*aJeiiii!i pliosplmte 
in phosphoric acid and washiue the ciystals oluained with ulecdioi arid 
ether.* It is not hyf(rosco])ic if free from exc-ess id'phos|i!a»ric: acski. 
When treated with a small (puintity of water a portioiMjf the salt k 
decomposcid, with th(j foniiatioii of dicahdiim phosphate as a predfik 
tate and free phosphoric acid ; hut with lar;.rer (|Uantities of water or 
in the presence of frca* phos]>hori(; acid, this diN^s not occmr. 

p/ers'/kterk'muV/, ILjPOj, is a, thick smui-scdid of 

gravity PHB, forrmal hy decomposing say, cakhum pliOH|>!iate willi 
sulphuric add 

<WiV>s + 4Ii,S(), dCaSOj 

It is soluble to ])ractically any extimt in water. 

Ferric phanpliatc, FctP(),j, and Ahminluvi pfianphaJc, A1P0|, are 
practically insolubk^ in watcu’ and, unlike friitalcium piiosphati? ami 
most other phospfiattts, are not dissolved to any iijipreeiitlile extent % 
weak vegetabk^ acids, r.//., acetic acid, C'onseijuentiy they itri^ not 
easily available to plants and ])OKse,HH little value m fimiiurial iiigrediarite* 
TeArcwaUyitm ph()iipfiai(\ ( 4 t,P.j(X,. is found in I lie slag piTHliiced in 
the dephosphorisation of cast-iron hy tlie Basic* lk*Hseiiier or Hittiin 
Siemens process. It is ])racticaliy limoluhle in wiiUux hut dinsolvcm in 
many saline solutions. It is therefore availalile m a plant food. 

According to 'Bassett,- tint only stahle form, in soiln, is hpdrmf* 
apatite, 3(.laj(P().d.j.Ca(()iI)5;. 1i',c‘ Hliovvt»d tliat triculciiirn iilumptiali 

and the above-nanuai com|)ound vveri.? the* only two caldmn phos|itiiiliiii 
which can exist in stable ecpiilihriutn with iiii ar|ueoiis Hriliitiori iit 2iA 
The chief varieties of ])hoHphati<; manm*i*H yet, to lie descuifutd are^' 
(loproIiteB, 

Phosphorites, of which thm*c». arc? fiiiiny varif?ti<*s, 

Redonda phosphate. 

Mineral HUpei 7 )hoHphatf»s. 

Bone superphosphate. 

Basic slag. 


Coprolites are concretionary nodules fm.iiiil in the ctialk or otter 
deposits in the Bouth of England and in ; they lire lM*lieviMl U 

^ Hfcoklasa, Jour. Chein, Hoc., IS mr>i% mih 

Jour. CJhem, Hoc. Trarm., 19,17, < 120 . 
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be the fossilised excrements or intestinal deposits of extinct animals 
which fed upon fish. 

They were formerly of great importance and are still largely 
used. Their composition varies considei-ably, the chief constituents 
being— 

Calcium phosphate.50 to 05 per cent. 

,, carbonate. 20 ,, 25 ,, 

Silica, etc. .10 ,, 20 ,, 

They are sometimes used raw in a finely divided state, hut are more 

frequently converted into superphosphate”. 

Of mineral phosphates or phosphorites there are many varieties, 
the most important being Norwegian, Canadian. Sombrero, Belgian, 
Carolina, Florida and Somme. These are occasionally employed in 
the raw state, but are mainly used in the preparation of “ mineral 
superphosphates ”. They all consist essentially of more or less impure 
apatite, some containing calcium chloride, others calcium fluoride, and 
some both compounds. In the process of manufactui'e of superphos¬ 
phate the first variety is much preferred, for reasons which will be 
mentioned shortly. 

Another factor of importance in gauging the value of a mineral 
phosphate is the proportion of iron and aluminium which it contains. 

The extent and growth of the phosphate mining industry may be 
seen from the following table, giving the total production, in tons, of 
raw phosphates in 1880 and 1890 ^:— 



mo. 

1890. 

England (coproUtes) . . . . ; 

30,000 

20,000 

France . I 

125,000 

370,000 

Belgiinn.; 

15,000 

200,000 

Germany. 

25,000 

30,000 

Norway 

5,000 

10,000 

Canada . . . . . . ; 

: 7,500 

20,000 

South. Carolina. 

1 187,000 

i 537,000 

Florida. 

j 40,000 

Spain. 

40,000 

i —. 

West Indies. 

35,000 

50,000 

Other sources. 

30,000 

20,000 

Total. 

j 499,500 

1,303,000 


Since 1890 many new sources of phosphates have been discovered 
and the total production has greatly increased. The Florida deposits 
alone, in 1903, yielded 860,000 tons, while the total production of the 
United States was estimated at 1,581,000 tons. Large quantities also 
come from North Africa (chiefly Algeria): in 1903 this district yielded 
647,846 tons. 

The following table gives the average composition of a number of 
mineral phosphates :— 

- Bull. No. 15, U.S. Dept, of Agric., 1898. 
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Tri‘*a.1fiuiu jilinspliat.e. <'ah‘iiiiH Ifijoriili*. 


Coprolites. 

f)U to (lU per eent 

Belgian phosphate.1 

HU „ 

Florida, pebi)les 

no ,, 115 

South Carolina. 

5H 

Lahn or NsisKau {Cennany) . 

:50 „ 75 

Canadian. 

SO „ U5 „ 

Reclonda Phosphate (liecwsird 

Islsiiids) consists 


minium phosphate and is, thert*tV)r(% in its raw staR‘, not 
Lahn phosphate also contains a, consi<l(*ntl)le (|ua.ntity 
and alumina, which lo\v(n‘s its vahu‘. 


I Ui :! |«*r 


iiir^^eiy of illll 
th’ inui'li value 

iii fhrrie oxicli 


Mineral Superphosphates.. It is for th(‘ inanufaotnre of ihesi 

substances that th(^ mineral pliosphates aic* chiefly liHod, for in tlicll 
raw state the lattfu’ are. too ins()lu]>lf* to ht^ of inucii vitlue sis tertiliHcrfi, 
In an extremely tine staR^ of division, how<*vi*r, they iMsaaise mori 
sivaihi/ble and sire sometimes used. 

Siipei’phosphsitfi is nnide I)y ti’f'sitini.^ tlie miinnul with Hiilpliiirk 
acid, when a repbicenumt of phosphoric sicid Isy sulphuric licid tiite 
place, calcium sxdphate and free* phos])hc>rie sicid lyein^ forruf^d : 

Csi.P.O,,-h dlLSO, - dCkBOj + 

The sulphuric sicid silso sicts u|>on csilcium csirl>ruiatf\ calcium 
chloride or fluoride, and o.xides of iron and sihiminiinn, if these Imi 
present, evolving car})on di()xi<le,* hydrocliloric or hydrolluoric acid 

(]a(10.j + - (5iH()j -f H.,() + CO. 

Csi(n.;+ IL,vB(), - (!siH()^ + 211(1 

(]aF.:+ ILSOj - CaSO^ + 2I1F 

A1./5, -f :riL,H(), - AOHOj).. -f blL.O 

Fe^a^ + llllSOt ^ FiCtBO,)' llLO. 

These various resictions consume si |)ortion of tlm Hul|„jhiiric acid iiiiii 
in many cases, sirf..t conipletiHl hefort^ the action u],K>ri the ciilciuitl 
phosphsite begins. 

In general, the amount of sulphuric sicid used is only Hiiflkdi^iil to 
liberate phosphoric sicid from si portir.)n of tla* csilciiun and 

a subsequent interaction thim occurs Ixjtween tlui phc>H|.)lic}ric iicifl m 
liberated and the unchangiHl tricalciiun phosphate 

Ca,lAp, + 4H,IH^ 

—thus producing inonocalcium tetrahydrogen phosphato. 

Superphosphates thus consist essentially of ii^mixturff of 

calcium sulphate, CaB 04 . 2 Hp, 
calcium tetrahydrogen phosphatcy 
and, generally, tricalcium phosphsitcj, 

In many samples, aluminium sidphate and fcirroim or ferrte 
sulphate are also present in small proportions. 
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The important constitiuint is, of cours(‘, tlie monoc^ilciuin phos¬ 
phate, OaH,jPoO;,^, which is soluble in wat(jr, thti tri(;alciinn piiosphat<^ 
being of much less value. On k{‘(‘])ing, many sup(‘rph(>s])hatf;s show 
a reduction in the amount of pliosphate soluhh* in waitei', and aai 
increase in the insoluljle phosphoric add. This Tiiay Ix' cauiscjd in two 
ways 

(a) By the interaction of the monocalciuni ijhosphate Uiud the tri- 
calcium phosphate leading to tin*- formation of dicai<;ium ]>hospha,t(; - 

(lalLBoO,, 4- (la,B.,()« - dCallPO, 

(or‘2(!aJ I.d\,( y. 

(h) By the formation of fei-ric and aluminium phosplnihis by thei 
action of the monocalcium ])hos])liat(‘ upon th(‘ iron and aluminium 
sulphates- 

AldSOp, + CaHiP..O^ - 2A1P(), -H PaSO, -f 
Pe.;(S6,B + CaH,p;(), = 2bVd>(), -i- PaHO,, + 2IBHO,. 

The free sulphuric acid thus foniHul would lx* use<l in acting upon 
some of the unchangcid Cva.jPoOj^ as heiform 

In either case, a quantity of phosphoric, acid fonn<*.rly in the; soluble, 
condition as CaPI.jP./)^ would jrnss into an insoluble form. Siudi 
phosphoric acid and phosphates an^ often spolom of sis “ retrogrsuh*/’ 
“ reduced,” or “ reverted ” phosphsite. Tliey gencu'silly ]K)hs(‘hs a higlun’ 
manurial value than tricsilciurn plK)S])hsite. 

In the process of manuhicturing superphosj'shaUu the gr^ound ])hoH“ 
phate is mixed with the suitable c|U5Uitity of Hul])hui’ic. acid (chamber 
acid of specific gravity 1*55) in‘‘mixers” mswlf* of wood lined with 
lead, or of iron lined with finj-brick, and |)rovid<xi with stirroi’s rotate.d 
by gtiaring. The carbon dioxide, hydrofluoric, or hydj’ocldoric acid, 
and steam evolvuxi by tluMictioti are, hni awsiy into a “ scrubber ” or* 
“condenser,” in which the* steam cotid(‘nH(‘H and alisorhs the acids. 
The prevention of theii' escape into tlu^ atniospliere is enforccxl by law. 
When the lining of the “ mix(vr ” is fire.-clay (highly HiliciouH), phos¬ 
phates containing calcium fluoride cause tlie production of gaseous 
silicon fluoride*. 

PaF^ 4 II.,BO., « 4* 2111^’ 

BiO, 4- 41 IF - BiF, -h 211./). 

The silicon fluoride escapes with the. other gaw^s jind, on e/>ntact with 
the condensed steam, producers a gelatinous precipitate? of silica and a 
solution of hydrofiuoBilicic acid, H^HiF^j:— 

3BiF, 4 4H/:) - Bi(),ll, 4- 2H^BiF,. 

The presence of fluorine in phosphatcis is thus attended with the 
production of the very corrosive? hydrofluotnc acid, the conrtofjuent wc?ar 

‘This Kuhstanco i« prenont, ovon in fnmfi Huporpiifmpfjate, ho tlnit “revertocl 
phosphate is to some extent a miHleadirig name, iriaHinmdi an soiiio of the Hiih- 
stance so-called has never been pr(menfc in a HohibUj form, ‘Hie ainminfe <4 phoH- 
phatesof this cliaraeter is determined by taking advantage of their solubility in 
ammonium citrate {vids Chap. IXf ; the name “ citrate* soinble ” pItosphaniH pent- 
oxide would therefore be preferable to the namcM airemriy ineiitioni*d. 
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and corrosion ol* the fii’oclay and the accumulation of the very 

bulky, gelatinous silicic acid in tlie coiKhmser, truicliiig to clioke it* 
The by-product, hydrotluosilicic acid, possesses autisf*ptic |)rc>perti€^ 
andean be used as a preservative of fanu-yaa'd mantiro. When the 
admixture of the acid and phos])hate is com])letfn tlu^ contents of the 
“mixer” are traiisfei-red to pits or “dens” niadc^ of hrick-work or 
masonry. The mixture at this stage is usually sfuni-fliud and runs 
easily. In the “denis” thes union of the. calcium sulphate with water 
takes place, resulting in th(i formation of crystals of thfc saim^ composi¬ 
tion as the mineral gypsum, (]aSO,j,21L^(). This causers the ]»roduct to 
“ set ” or “ dry,” and afhir this it is ground in suitahh^ mi 11s and Hcreenffci 
and is ready for thti markeit. 

Attempts to utilise the frei(‘ sul|>huric acid contained in” nitre-cake 
—the residue left by the interaction of sulphuric aci<l and sodium 
nitrate in the manufacture of nitric^ acid and consisting mainly of 
NaHS 04 (usually containing about 80 per cemt of “ free*” sulphuric 
acid)—in the manufacture of su|)erpliosp}iate! have^ not !)ee*n very 
successful, and probably will not bee continiU‘d, now that the great con¬ 
sumption of sulphuric acid in the preparation of t*xpioHiveH hiiS 
diminished. 

“Double superphosphate*/' is somedinies nl^ul(^ by ]>re])aring 
phoric acid by the action of (*xcesH of acid upon one portion of the 
phosphate, removing the greater part r>f thci calcium sul|)hate, twill 
adding the phosphoric acid to anotheu’ poilion of the! origiiud phonphatc^ 
thus converting the tricalcium into monocalcium pliosphate : - 

cja,ji/o« + iiLjpo^ 

Such a product is very coucerntrateal tind may contain as rniudi m 
40 per cent of phosphoric acid, nearly all in the* soluhle form. 

Manures similar to sup(‘rphos|)hate aree niades by thn action of Mil* 
phurio acid upon hone-tish, liones or guano. Th<*see rnsfunhle iriineiml 
superphosphates so far as thee stjite of existeuicee of th(*ir ]dioHphoric acid 
is concerned,, but may, of courses, contain nitroge*nouH ccniHtituentH. 

The following table givees thee amount of thee most imp>ortaiit ffutills- 
ing ingredients in various forms of rnanurees of this clasH, ex|)ries»iMi In 
the usual conventional way 



Mint'.nil snjM^r* 
phosphate. 
Per cent. 

Dissolved 

IsmiiK. 

Per <’ 611 1. 

1 Peruviaii 

gimtifh 

Per «o*nt. 

P«r 

f 

Monocalcium phosphate 

15 to 20 

9 to 15 

9 to III 

; 

2Ot0» ^ 

= tricalcium phosphate 
rendered soluble. 

24 82 

^ 14 „ 24 i 

j 14 ,, 20 1 

31 „ 45 i 

Insoluble phosphates . . | 

1 „ 4 

, 16 „ 21 ^ 

5 „ 12 : 

1 H « ' 

Calcium sulphate (+ 2 H 3 O) . | 

52 „ 54 i 
2 „ 2’5 

28 „ 88 i 

IB „ M) i 

46,, 51 ; 

Alkaline salts . . . i 

2*5 

, 8*5 

6 10 I 

1 ,, M i 

! Ammonia . . . . i 

.. i 

— 

2 , 

, 8*5 

7 „ 10 i 

0 .. o a 


A word of explanation as to the eommerciai methods of expressing, 
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analytical results may be here given. It is the custom to indicate by, 
say, “ 24 per cent soluble phosphates” that 24 is the amount of trical¬ 
cium phosphate which contains the same quantity of phosphoric acid 
as is present in the soluble (monocalcium) phosphates contained in 100 
parts of manure. 

Since Ca.jP.>Og corresponds to CaH^PoOg 
120 -h 62 + 128 „ 40 + 4 + 62 + 128 

310 „ ~^4 

the amount of real calcium tetrahydrogen phosphate corresponding to 
*'24 per cent soluble” would be 24 x = 18’1; but even this is 
not what is meant, for by “ monocalcium phosphate ” in the trade 
the substance CaP 20 (j (really calcium meta-phosphate, which is not 
present in manures) is understood ; so that as this contains the same 
amount of P 2 O 5 as CagPgOg the connection becomes— 

CaP^O^j corresponds to CagP 20 g 
40 + 62 4 - 96 „ 120 + 62 128 

l98 ” „ ^ 3 T 0 

Consequently, in the trade, the quantity of monocalcium phosphate 
equivalent to “24 percent soluble phosphates” or to “24 percent 
bone phosphate rendered soluble,” as it is sometimes more explicitly 
described, is given by— 

24 X — 15*4 per cent. 

By the term “insoluble phosphates” in the above analyses is 
meant the amount of tricalcium phosphate present as such, together 
with that equivalent to the dicalcium phosphate or “reverted” phos¬ 
phate. The latter is much more valuable than the former and in recent 
analyses the quantities of each present are given (see Chap. YIII). 

Eeference may here be made to a patented manure to which 
the contradictory name of das'ic s%i 2 ^er 2 )hos'i)hate has been given. 
This is a product obtained by adding 15 parts of slaked lime to 85 
parts of goodi superphosphate, thoroughly mixing the two, and allowing 
them to stand at least twenty-four hours. A dry, bulky powder is 
thus produced, which, it is claimed, has many advantages over basic 
slagd 

The phosphoric acid of the superphosphate, is, of course, rendered 
insoluble in water by this treatment, though the phosphate of lime thus 
produced is doubtless more easily dissolved by soil solvents than that 
existing even in finely ground mineral phosphates. 

The new manure may probably produce a better effect than super¬ 
phosphate upon soils deficient in calcium carbonate or other basic 
material, but it would certainly seem preferable either to use basic slag- 
on such soils, or to apply the lime and superphosphate separately and 
thus secure the advantage of their more uniform distribution in the 
soil which their solubility in water (while separate) ensures. 

^Hughes, Jour. Soc. Chem. Ind., 1901, 325. 
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which contains a high percentage of carbon. The metal is then 
poured out of the converter. 

This process quite revolutionised the iron industry, and steel became 
so cheap that it almost replaced iron. The Bessemer process, however, 
could only be applied to pig-iron fairly free from phosphorus^ for the 
process does not remove any phosphorus, and if steel contains much of 
this element its properties are so altered that it becomes valueless. 

The following table shows the change in the composition of the 
metal in the Bessemer converter” (acid lining):— 



Original 

pig-iron. 

After 

9 minutes. 

■.Before addition 
of spiegeleiseu. 

Finished 

steel- 

Carbon . 
Silicon . 
Sulphur 
Phosphorus . 
Manganese . 

1 

3*270 per cent 
1*052 

0-014 

0-048 

0*086 

1*550 per cent 
0*635 

trace 

0*064 per cent 
trace 

0*097 per cent 
0*020 „ 
trace 

0*067 per cent 
trace 

0*566 per cent 
0*030 
trace 

0*055 per cent 
0*309 „ 


It will be noticed that there is no reduction in the amount of phos¬ 
phorus, but rather an increase, while the sulphur, carbon and silicon 
are almost entirely removed. 

About 1878-9 a modification in the method of working the 
Bessemer process was introduced by Thomas and Gilchrist, by which 
pig-iron containing high percentages of phosphorus could be success¬ 
fully converted into steel of good quality. Their improvement con¬ 
sisted in lining the converter with lime, or a mixture of lime and 
magnesia, and the introduction of freshly burnt lime into the con¬ 
verter. They found that, under these circumstances, the phosphorus in 
the pig-iron (existing in combination with iron as phosphide), was oxi¬ 
dised by the air after the carbon had been completely removed, and the 
phosphoric acid so formed united with the lime and magnesia of the basic 
lining to form a slag which floated on the molten iron. The rest of the 
process is conducted as in the original Bessemer or “ acid ” process. 
This improvement was of great importance, especially to iron masters 
in districts where the iron ore contained large quantities of phosphates. 

The following table gives the data in the case of the Thomas-Gilchrist 
or Basic-Bessemer process, the pig-iron used being so rich in phos¬ 
phorus as to be quite unfit for use by the ordinary Bessemer process :— 



Original 

pig-iron. 

After 

12 min. 

After 14 min. 
End of ordi¬ 
nary blow. 

After 16J min. 
End of after 
blow. 

Steel, 

Carbon 

Silicon 

Phosphorus 

Manganese 

Sulphur 

3*57 per cent 
1*70 „ 

1*57 „ 

0*71 „ 

0*06 „ 

0*88 per cent 
0*01 „ 
1*42 

0*27 

0*05 

0*07 percent 
trace 

1*22 percent 
0*12 „ 
0*05 

trace 

nil 

0*08 per cent 
trace 

0*05 per cent 

0*124 per cent 
0*030 „ 

0*220 

0*270 „ 

0*040 „ 

1 


1 1 
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It will be seen from the above table that the silicon is 
dised and removed, then the carbon, and not until practical] 
carbon is removed does the removal of the phosphorus begin. 

The slag obtained by the basic process therefore receives 
phate in the last few minutes of the process. This is seen i 
following figures :— 


u' 

! 

> 

1 .... 

Time from commencement of tlie IjIow. j 

Slag n 
of the 
Pei 

6 min. 
Per cent. 

12 min. 
Per cent. 

14.V min. 
Per cent. 

161 mill. 
Per cent. 

;* Silicon 

42-60 

35-60 

33-00 

16-60 

1 

Phosphorus pentoxide 

0-15 

2-61 

5-6G 

16-03 

1 

' Iron .... 

2-00 

4-80 

C-15 

11-35 



The process resulted in a still further cheapening of ste^ 
some years the slag produced—though it was known to contai: 
siderable quantity of phosphoric acid—was regarded as simp>l 
product of no use. It was thought that the oxide of iron pr 
the slag would prevent the phosphoric acid from being avai 
plants. Its use as a manure for soils poor in lime was si 
about 1882,^ as it was found that a considerable proportion 
phosphoric acid in the slag was in such a state of combinj 
allowed of its easy solubility in ammonium citrate solution. 
to numerous trials of the slag, and, many of these proving 
satisfactory, its use rapidly extended and has now assumed 
proportions. 

The composition of the slag necessarily varies somewhat, 
main constituents are represented in the following analys 
specimen ^:— 



Per cent 

Lime .. 

45-04 

Magnesia. 

6 42 

Alumina. 

1-50 

Eerrous oxide .... 

2-10 

Eerric oxide ..... 

15-42 

Manganous oxide .... 

3*50 

Vanadious oxide .... 

1-35 

Silica. 

5-80 

Sulphur. 

0-32 

Calcium. 

0-40 

Phosphorus pentoxide . 

18-10 


99-95 


The sulphur present seems to exist as a sulphide, prob; 
calcium. The phosphoric acid is present as tetracalcium pho 
Ca 4 P 209 , a substance which sometimes occurs nearly pure as c 
imbedded in the slag. 

^ Maercker, Bied- Zentr., 1882, 490; Jour. Ghem. Soc., 1882, Abstraci 
Stead and Ridsdale, Jour. Ghem. Soc., 1877, Trans., 601. 
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x\ccording to Hoyermann and Wagner ^ the citrate-solnbility of the 
phosphoric acid in basic slag is greatly increased if the slag be fused 
with sand. Wagner states that the citrate-solubility (by which he 
judges of the availability) of the basic slag of commerce varies from 
100 to 40 per cent, and that a high solubility depends upon the 
presence of at least a certain percentage of silica. Eidsdale ^ denies 
this, and states that the only function of the silica is the neutralising 
of a certain proportion of the free lime of the slag and thus preventing 
the action of this upon the citrate solution employed. 

According to Blome,^ tetracalcium phosphate, 4CaO.P^Or„ melts at 
IBYO*" C., while a compound—ICaO.P^O^ + SiO^, melts at 1700° and is 
totally soluble in 2 per cent solution of citric acid. Blue crystals having 
this composition have been found in basic slag by Stead and Eidsdale. 

Blome also obtained evidence of the existence of 
ICaO.P^O,^ -h 2GaO.SiO, and of 4CaO.P._,0., + 4(2CaO.SiO^), 
the former melting at 1710°, the latter at 1780°. In both cases, the 
melted mass contained about 4 per cent of free lime. By slow cooling 
of the melt corresponding to 4Ca0.p20r, + 2 Ca 0 .Si 02 , a large increase 
in the amount of free lime was observed and the resulting product was 
much more soluble in citric acid solution. He concludes that it is 
probable that a double compound of tetracalcium phosphate and 
calcium ortho-silicate is the combination, whose presence in Thomas' 
slag conditions the citrate-solubility of that material. 

Many attempts to improve basic slag as a manure have been 
made, some directed to the removal of the iron, others the sulx^hur, 
while others have attempted to render the phosphoric acid more 
soluble by treatment with sulphuric acid. Practically all these 
attempts have been abandoned, and the only process through which 
the slag is passed is that of grinding. This must be thoroughly done, 
for it is found that the availability of the phosphoric acid depends very 
largely upon the fineness of subdivision. A sample should contain at 
least 80 or 90 per cent of powder which passes through a sieve of 100 
meshes to the linear inch, i.o,., 10,000 to the square inch. Thomas’ 
phosphate has given excellent results, especially in soils somewhat de¬ 
ficient in lime and rich in organic matter. 



Sold. 

Tons. 

Used in the country. 
Tons. 

Exported. 

Tons. 

Germany. 

786,000 

730,000 

56,000 

Great Britain .... 

256,000 

110,000 

146,000 

France ...... 

198,000 

( 198,000 

— 

Belgium. 

112,000 

80,000 

32,000 

j Austria-Hungary .... 

64,000 

90,000 

i _ 

_4 

Total. 

1,416,000 

1,208,000 

234,000 


1 Chem. Zeitung, 1895, 1511. ^ Jour. Soc. Chem. Ind., 1895, 170. 

■'Metallurgie, 1910, 7, 659; also Jour. Soc. Chem. Ind., 1910, 1467. 

^ 26,000 tons were imported, chiefly from Germany. 
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Per cent. 

PhospTiorus pentoxide.27*01 

Silica.9*99 

Sulphur trioxide.0*27 

Potash.1*54 

Soda .......... 14*69 

Lime.38*12 

Magnesia.2*88 

Iron oxide and alumina.4*50 

Fluorine and loss .1*00 


100*00 

III, POTASH MANURES. —Potash is much more widely dis¬ 
tributed and less frequently deficient in soils than are nitrogen and 
phosphoric acid. Potash manures, therefore, are less often used than 
those already described; although certain crops, e.g,, potatoes, are 
greatly helped by their application. Formerly, the chief source of 
potash, both for manurial and other purposes, was the ash left when 
twigs, leaves, etc., of plants are burnt. Potash occurs in such material 
as carbonate, and plant ashes are still used to some extent as a 
manure. They contain the other mineral ingredients, phosphates, 
lime, etc., but they are especially rich in potash. The chief source 
of potash is now the immense saline deposits at Stassfurt, and other 
deposits of a similar kind have been discovered in Thuringia, Bruns¬ 
wick and Mecklenburg. 

These deposits, in some cases hundreds of feet in thickness, rest 
upon beds of rock-salt, and it was in boring for the rock-salt that they 
were discovered abouii 1857. At first they were regarded as useless, 
as is indicated by the name “ Abraumsalzen ” (rubbish salts), by which 
they are still sometimes known. About five or six years later they 
were worked as a source of potash compounds, and now enormous 
quantities are annually raised and furnish almost all the potash required 
in the arts as well as in agriculture. 

The chief compounds are classed under the following mineralogical 
names:— 

Sylvine, KOI. 

Sylvinite, a mixture of sylvine, rock-salt and kainite. 

Carnallite, MgCl^.KCl.fiH^O. 

Schonite (Picromerite), MgS 04 .K 2 S 04 . 6 Hjj 0 . 

Kieserite, MgS 04 .H 20 (mixed with carnallite). 

Kainite, MgS 04 .KC 1 . 3 H^ 0 , or MgS 04 .K,S 04 .MgC 1 ^. 6 H 20 . 

Polyhalite, K 2 SO 4 . 2 CaSO 4 .MgSO 4 .H 2 O. " 

The substances do not occur in the pure form indicated by these 
formulae, but are more or less mixed with each other and especially 
with rock-salt. Carnallite is, by far, the most abundant. 

The output of Stassfurt salts is now regulated by a syndicate, who 
limit the production and fix the prices of the various salts. 

In 1898 the quantities, in tons, produced and sent out to the various 
countries were as follows :— 
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1907. 

1908. ; 

Potassium chloride. 

,, ■ sulphate. 

Potassium-magnesium sulphate 

403,387 

54,490 

85,211 

473,138 

60,292 

I 33,368 


In this country, the products employed are mainly kainite, the 
calcined double sulphate of potash and magnesia and muriate of 
potash”. For special horticultural purposes, pure sulphate of potash 
and nitrate of potash are also employed. 

The important potash manures contain their potassium either as 
chloride or sulphate. The chloride has the advantage in being more 
diffusible in the soil; but in most other respects the sulphate is prefer¬ 
able. As in the case of other soluble manures, interaction between 
the potassium salt and the calcium and other compounds in the soil 
begins immediately, resulting in the formation of calcium chloride or 
sulphate. The former has an injurious action upon plants, while the 
latter is harmless or probably beneficial. Moreover, when potassium 
chloride is applied in large quantities, the salt as a whole seems to be 
absorbed by some plants, and in the case of tobacco, for example, the 
ash left when the dried plant is burnt contains the easily fusible 
potassium chloride. This acts as a fire-proofing material to some 
extent and prevents the proper burning of the tobacco; potassium 
sulphate yields a crop containing no such fusible ash constituent. In 
the case of clover, corn and grass, however, potassium chloride appears 
to have little or no harmful effect. 

During the past four years, when the Stassfurt deposits have not 
been available for British uses, attention has been directed to finding 
other sources of potash, one of the most promising of which appears 
to be the flue dust obtained in smelting certain iron ores. Such flue 
dust varies considerably in composition, the potash content ranging 
from about 1 to 7 per cent.^ 

Potash manures are most needed on light sandy or calcareous soils 
and are seldom required on clay land. Potatoes, grass land and 
leguminous crops are particularly benefited by potash manures. When 
the nitrogenous manure used is sulphate of ammonia, the soil is often 
benefited by potash manuring, while nitrate of soda on the same land 
will often render it indifferent to potash manures. This is particularly 
the case with mangolds. Potash manures are best applied in the 
autumn or winter so as to be well diffused through the soil before the 
plant requires them. Little loss through drainage need be feared. 

Muriate of Potash is usually sold as guaranteed to contain 80 
per cent KOI (equivalent to about 51 per cent KoO). 

The Double Sulphate of Magnesium and Potassium actually 
occurs crystallised with six molecules of water—as Schonite, 
MgSO^.KBO^.GHj^O, and then contains, theoretically, about 44 per 

^ Voelkcr, Report for 1917, R.A.S.E. 



i \h VI wriu s. 


vn. 


Ills 

(■iMiit h! K.^^SC )j , -lli |?»‘3' |h flii* "fill* 

1 H f’;iif'jur*i. uh*'i#*liy a |wir!i*>ii nl lln' \vj|ff-*r in 

iintl !!i»‘ riint.iiiiH f:»ii ?lir in |||*|^ 

K iftiuivHlriii Im v!^* |w’j friii K,,<h, ft itiifim 

|»*r f4 liini' iiinl ti i |N'r td rlilmini’, 

Sylvjflite «■?ihUuis-* \ ;y } lls|/ r4 ruiuiitiiii '.sdl, rfr. 

;if3f| IH ?j«»t uU*'l3 it liliilaJirr m Kii^laud. l! Illifiillfsi 

iiiIm flH ^;y»l t*i i’i#rr«>H|:fiflt| 

ft* 1 li Ml IT |i»’i K.,t f 

Sulpliiite of Potlinh -Sh *4 fitjjii !«i tl/i |hci rt'nt iiiiritv 

^l‘.f In .'ll |i*'j r m? K 4 h. *Mt lll|^}t |«ist’»'4 fn !*»' n!!,»ii *iii|t|iiyi'*i| 

SH itl-iUlMlIl 

Kliinitf r-i f|i»’ jonni Hiinnirr' IIiih 

!}i • I’tiliHf |! yliMU n! v.llH'll l|in> ?inf y-i In t|ie 

liniit'iiti 3!‘'^^n!f, iny'4it"4Mr -uyir*., 4ntililli*«« 

In i!v, nlliri itH} r'iirrjsillili* iifid 

rni*k nrrnnih^f lii inii |t, 

1*hn l$rn|.^?HjM3i i4 I ntiinli Imiii i2 In *Jfi |:»«*r bi*irig 

nt-iii fht* i'l4nri*b' frnrii 24 I 0 

44 |tni I’t'iil. |l iiImm liliits, Tilt* 

»if ji'Mirh f4ii*»ii4«' p-* «♦!*]**«'?.3sirsiiib’, H,irir#* lliifi 

i’niii|iotin4 3’t 4*43t|iir'.4f’<’tjf 

14i*» IiiIjI** nji lilt- I|j^; iiijr I'lilNlu.mlifili ©f 

lilt’ viinnn*.. ri.ai pi’t | ^ 

IV. MISCIil mAmmiiS. ■ Vtnlrt |ps.i4ifi|4 limy 

In- flit-* -'4 Jiilih'itillint'H minrii r.*in!iU|| linll#" mI til**' t|l|rrrl*ii'f iriJIlllirilll 
i0^"*'t"4p'0t''S |iiitM^|*linnr iirpi I'm! mrri'ry |lit 

m# 4 nllp-i rn'tr-*tpjpnit n| pl.jiiit liV tl'irir ili*lki|l lljlOfl 

ill*' 5M}|J lli** nf •=«ili4*'' |il*lot. fl»l frnlli tJir i'l4*iolllfll|f 

110*1 i'no4ll50ts All3*ill|4’ lli«* lllOSi illl IlfV l}ii 

lVi|ii|||i:#li *4ri||l. 
f ry|iH«|ii. 

Li I IP* .311 ill rliiilk 

IriiH liiiifs 

CcifUfUim Sail m m on iisil fiiiismkl 

•VftliPs hnl II,riwiiiH, wlml iiinrit ii. Uf ifi |iio!iifi4fi^ 

Hi*' ihmmiiMmitmu ut lli«* jioiii^lo lifiir md 

Blr»*mh' pwmml in tb»^ ll liii#* im fiinifiiiiflnlh pffprf nii 

«i.ni1iiifi mujm, |i»iliPiilftriy iipifigolfi^ immI I? |iiii!*4}ily 

imn lifi III i’jmmnm vv'illi nil wlfiltip itip pbyHfir’il 

tif iIip ^#iI iiikI ti|.ofi i#l Irlniiiin^ miiirr, il'iisti" tmll 

from fklopnring* Imc^iiopnritig, rlr.. Iiii^ m I'libir I#**i4ii3w* of ite 

riilrcii 4 ori nriil j.^»t4i-4i %vliii?ti ii tlm ilniwi 

^ ln#flip, AgHriiittiiiti Ctoiilit 1-0 111 *? V* r‘ mih'hyn4i^»i Lsi* 







AVERAGE PERCENTAGE COMPOSITION OP THE PRINCIPAL STASSPURT POTASH SALTS. 


POTASH SALTS, 


169 







op cp o 

CO 03 

L^* C 3 CN 03 L7 C;- CD 
oq 03 !>• tr- di cb tH 

CD . 

6 

e oM 

»—1 iH 

to Tt( oq to to oq 

00 

c; 

t^- tH t- iO 

!>• oq CD 0 tH to cq 



CQ O O 

CD oq rH 0 rH dj 

to 


rH CM CM 

rH 


33 




3 bf. 





OQ to CO oq 

oq CO CD CN c3q to 0 

to 

° ? 

O o tH 0:1 

0 cb 0 CD 0 CD 

cb 

5 " 









L- C 3 CX) CO 

CO rH CJ 3 1 1 cq rH 

oq 


rH 0 cq 

0 0 CD 1 1 0 dq 

dq 

cS 




rj oi 





0 

CM oq to tH to oq cq 

oq 

"TS o 

4 h cq 0 cb 

Ci 1 —1 oq L'~ rH tH 0 

cb 

o 

CO oq cq to 

tH oq rH 

CN 









: 

th tci -tN 0 

r*< 0 oq CO 0 CO 

TO 

' Lf 5 O 

oq th di 

6 r^ 1 6 6 6 tb 

-^H 


I—(oq th 



^ "o 








l".pj 

0 tH tp 

dq A CN 

!>• C- 0 oq rH TO CD 
6 dq 6 6 6 6 

03 


rH T—1 oq 

CO rH 


!3 S 2 




a. 




. a 5 

i 

1 



?§ 23 

j 0 »p Cp TO 

TO CD t- tp tp CD 

CD 

3 2 ® 

i dq to tH tb 

0 tH 1 tH To dq rH 

d- 


I t-h ~ oq 

* 03 CO CO 

rH 

o 




. 




■S 23 

<” 11 ^ 

CD 0 



tH tH 

d- 0 0 rH dq 

tH 

(S “'3 

oq ' 

CJ3 03 to ' 


2 





• • c3 * * ' * 








VII. 


I7H Hiijju. MAM'illix 

piU'lly iiisiii I In* t-jrpif lit* iiyiiffT ^Miii liuifi f|i#- in 

hIhu ill Siili Mill ill’till 11 '*:^ lie'll ill iiii\rii iiiiiniiii.n • 

Hululitiim rif i‘iiiniiio}i hhIi iiiiif* .;i Jtiiton 

lluiii jUnI HiliriiirH, 

Ciyp?iym. 4»i' l.fiiiil Flu.^ter I'jiSf I A y ii.tw 

IniiiNl !«» |in«' liiNwl Ilf III rlilVf I ni 

It iiiH\ :ui n^i n Ki.it iii iiil ifn jtiijnij in 

iiiiiimi, iiijti i?H Hit’ lu fill* biw't III isiii #4 liijin 

ill*' Hilifitli'-. Ill koiT Uh .ijf'iniii III 

lirt'll iMlN'il V \\ hrrt- HliI I iluitr Uif 

c'lilt'itiiu unl|.4iu?»' it liMu*’ I ;ir«'* iiiylf<>«ii. itv ;i|i|4iiM!ifili 

ih nt'd i 

IJme, Cliiilk, Marl* IJiiienliiiic. IIn-m* .viiir4(iiir<-v. rfinHki. 
iij;Mlal\ *4 !n'i|r;il** t.tr «4 liiifr, liy! tjon* 

liilliliili Hiiiiill iijiif mI I irii' iirjil jiritl 

iriiii lu'i- i ill 14* »%*■*« I llii* irij|,i*f liiiii fiiiifi,|iiii jufi*, 

li\ liili’iiiiii rjii'lwiiNitj’ iii flir iirnni-'iiH. i4 liil.iilir.jilirni lig§ 

i*hi*4 «4trH f4 a|4|i|iriitii«ii i4 liiii«’ i*r iIn lu i% 

in ti$ iirri-liiiil** iinii tlum If* syiiilifi^’ III firmv in:}ciii 

ill** 4 i*i'#*h lilrfiiiK m lip* \iir4||pr »t.;tiriii of 

viihi** th iN I'll* 1*1 ii|:f»ii ill#* til^* 111111 * Hi |j#iiiy 

tliN |ir#^*^iirp *4 %v|iirli m yiifiivuurnKlf In iiny inii tiiiil**Hii'iili!t 

filittiN. If 5iKf# iirf*. In i'#*|4iiiii|4 ill*' iii llii* 

Aliht*y|.!li rioiMii’ liiiir o t\, ( iiU ni liiTriiirH rriii* 

tii'ltil Iiiiii til#* nil lifiiJUtr nlpii Ilp|iliiii Ifi Ihr Hiiii, ll iihviiVH IliW 4 
llifirr iiiipiii llnsfi rliiilk f»r Iiirirt 4 riii«'», Tlis*^ «*4 iliir In iti 

•^rillililllfy II ntnUn'Ui ll||riil||l|f:il|| till* «il 

lf* 4 nr#* riilniiin riii'ln'Jiiiilr cM.iiii'H, tliiiii it w |::r*wilili» tO 

tif'itiiiii by ilif iiN'i'#* tiirrliiiisiiiil iiiliiiiKliir** nl llit* miiI m it}i 
jirmilrii'#! nlmik nr 

iiywl#*' iumt iiial t|if*rrf«»rr mliliiitiiitg 

lint Mi frir ii^i'miiinriil ii |4IIW 

pnmhiH. T!iI'«4h ii>%tiii.||y 4i4.t«il t*i lnf In lit*-fur! liiiil wi Iniig ii# 
till* lyi* III liir liyiirntiiiiy tlifn hm't* iiii ki* 

jiifimw pfliii. iiial i*** ^|f| l« rfiiiiliilii’'%iilti 

imriinii triiirli h^m rnulily llififi liiiw* f a 

bills* rnij|j||iiit4||- liiiiy n-liiiii il% rjiii*tl3r r«i!i#iilbri 

(ln%mnm nl" tin# Afgll..C).,| in tlip wiil lr#r ii itnsrli tnm* fliiiM % 

|iinn liiiif* %vn!iiil Miiiin 

Tiwi bimvy nr Um mitli liiirrit liy 

riiliitiiaiijii ili«.« fif iiiaitriti cinnbiltPii in tli<" liiitiiiii 

fif till* «iiL 

Thn Vf^ry rtom*iiltttiiig ikfet# tif liiiii:^ ti|ji»ii ehy lisfi 

alrnimly 

Ftrptitsi Stfiptsate* humm miifiwnrklly iw 

p*tm** anti ** 0mm vitriol;-* in iiiA fillni n-** a iiiiiiiiiiin Iroii ii 

» Vmh p. fl* ^ IV#, f, ?♦* i'iilr ft* fi4, 








SULPHATE OP lEON—GAS LIME. 


171 


usually sufficiently abundant in a soil. Griffiths ^ greatly extols the 
application of small quantities (up to cwt. per acre) of ferrous 
sulphate as a top-dressing for meadows, and also for beans, cabbages, 
potatoes, mangolds and cereals. He found that the iron sulphate in¬ 
creased the amount of chlorophyll in the green portions of the plant, 
that the crops were larger, richer in solid matter, albuminoids and 
phosphates, and that the growth of mosses, etc., was hindered or pre¬ 
vented. He also claims that the iron, to a certain extent, performs 
the functions of potash in the plant, and that in many cases ferrous' 
sulphate may advantageously be substituted for kainite or other potash 
manures. Continental experimenters have confirmed in many in¬ 
stances the claims of ferrous sulphate as a manure. In addition to its 
specific action, it, like other sulphates, probably supplies sulphur. 

Qas Lime. —In the preparation of coal-gas, various sulphur com¬ 
pounds are expelled by distillation from the coal, and though a 
considerable proportion of these are collected in the ammonia-liquor 
and tar, some find their way into the gas, and inasmuch as they are 
highly objectionable there, purification has to be resorted to. One of 
the common methods of removing sulphuretted hydrogen and carbon 
disulphide from the coal-gas is to pass it into chambers containing 
layers of slaked lime, when the following reactions occur :— 

CaH.,0.^ -f H.,S = CaS -f 2HoO 
CaS -f CS., = CaCS,. 

Simultaneously the carbon dioxide is also removed— 

CaHp, -f CO, - CaCOg + H,0. 

Small quantities of cyanogen are also absorbed. 

The spent lime is a complex mixture—calcium sulphide, sulpho- 
carbonate, sulphite, carbonate, thiocyanate and hydrate being the chief 
ingredients, with varying small quantities of ammonia, cyanides, ferro- 
cyanides, etc. Many of these compounds are powerful plant poisons, 
d^Tidi fresh gas lime is extremely destructive to all plant life. On exposure 
to air and rain, especially if mixed with soil, absorjjtion of oxygen takes 
place, and the sulphides, sulphites, etc., are oxidised first into thiosul¬ 
phate and finally into sulphate :— 

CO, -f- 2CaS -H 30 - CaS.p^ + GMO.^ 

Calcium thiosulphate. 

CaS 03 +■ 0 = CaSO^. 

CaSPg -h 20, + CaHgO, = 2CaS0.i -p H,0. 

The composition of fresh gas lime (from London gasworks) is, 
according to Guyard ^:— 


1 Jour. Ohem. Soc., 1885, Trans., 54 ; 1886, Trans., 121. 
Bull. Soc. Chim., xxv. 103 ; Jour. Ghem. Soc., 1876,123. 
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CHAPTEE VIII. 


Application of Manures. 

In this chapter the general principles to be observed in the use of 
manures will be briefly discussed, but only those points in which a 
knowledge of the chemistry and physics is involved will be dealt with. 
For details of the mechanical methods of spreading, ploughing, or 
harrowing in, of manures, reference must be made to the authorities 
on practical agriculture. 

GENERAL MANURES.—Farm-yard Manure. —The system of 
manuring by means of the live stock of the farm, was, until the introduc¬ 
tion of artificial manures, the only way in which the fertility of the land 
was maintained, and even at the present day, in districts where farm¬ 
ing has long been established, it is the mainstay of the farmer. 

It is true, that in this country the great changes in the relative 
values of wheat and other cereals to those of fat stock and dairy cows, 
have rendered the old farmer’s aspect of cattle as being manure¬ 
making machines—chiefly valuable to him in producing farm-yard 
manure to be used in the growth of corn—no longer tenable. Farm¬ 
yard manure indeed, is now to be regarded rather as a by-product-— 
though an important one—than as the main object of stock-feeding. 

This, however, does not in any degree lessen the importance of 
giving every consideration and attention to its conservation and proper 
utilisation on the farm, if the best results are to be achieved and the 
fertility of the land maintained. 

In pastoral farms, the excreta are restored directly to the land 
with little or no loss during the greater portion of the year, and if, 
during the period when stall feeding is necessary, the crops grown 
on the farm are supplemented by purchased concentrated foods, e.g,, 
cakes, the land on the whole may suffer little loss of fertilising material, 
provided the farm-yard manure be carefully preserved and restored 
to the soil. The losses in potash, nitrogen and phosphates carried off 
the farm in the animal carcasses, milk, cheese, eggs, etc,, sold, may 
in such cases be counterbalanced by the supplies of these materials 
provided by the purchased foods. tnh^J 

Fresh, long, farm-yard manure, containing much little-altered litter 
should be ploughed in, preferably in the autumn, on heavy compact 
soil, so as to render the texture of the soil more open ^nd porous. 
Short, well-rotted dung should be used generally in the spring on 
open, porous soils, where its valuable ingredients, being in a readily 

(173) 
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available condition, can soon be utilised by the crop and where the 
deficiency of retentive power of the soil may not lead to much loss in 
drainage. 

On grass land, where to^D-dressing is the only practicable method 
of applying manures, there are obvious reasons for preferring short, 
well-rotted manure. 

On arable land, farm-yard manure- is usually ploughed in some 
time before the crop is sown, but on light soils, especially where the 
subsoil is porous, it is often spread in the furrows immediately before 
potatoes are planted. The water-retentive power of the bulky organic 
matter of- the manure is then often of importance in dry seasons. 

The heat produced by the decay and fermentation of farm-yard 
manure, of which advantage is taken in the construction of hot-beds 
under frames, in the cultivation of certain vegetables, though doubtless 
produced in the field, cannot be of much importance under ordinary 
farming jDractice, si|ice any rise of temperature due to this cause must 
be extremely small. Nevertheless, the very heavy dressings often used 
with potatoes, in some cases reaching thirty or forty tons per acre, may 
owe some of their efficiency to this cause. 

Farm-yard manure, sea-weed, and other bulky organic manures 
require to be used in very large dressings. Ten, twenty, or even up to 
thirty-five tons per acre are not unusual quantities, but obviously much 
depends upon the crop to be grown. In market gardening, especially 
according to the recently boomed French gardening system, immensely 
greater quantities are employed. In this last-mentioned method, the ; 
heat produced by fermentation becomes an important factor. 

Green Manuring^. —One of the great advantages of manuring with 
farm-yard manure— viz., the addition to the soil of a large quantity of 
bulky organic matter, with a consequent improvement in its texture and 
water-retaining power—can, in a great measure, be obtained in another 
way, by the practice of green manuring. This consists in sowing some i 
rapidly growing crop, which can often be done in the autumn after 
the main crop has been harvested on the land, and, before it ripens, 
ploughing it in. In this way, organic carbonaceous matter is added to 
the soil, which will eventually form humus. The nitrates formed in the 
soil during the growth of the crop are, to a great extent, absorbed by the 
crop, and are prevented from being washed out in the drainage. 

The production of nitrates is usually greatest in autumn, and land 
without a crop upon it suffers a considerable loss of nitrates at this 
season. With the “ catch crop ” the nitrates, which would otherwise 
be lost, are retained, and built up into complex organic compounds. 
These can subsequently, when the remains of the crop decay, undergo 
nitrification and again afford a steady supply of nitrates. 

The improvement in porosity, water-retaining power, and other 
physical properties, is often very considerable; while, if the catch 
crop ” grown be a leguminous one, the soil should not only be saved 
from loss M nitrates, but should actually be enriched in nitrogen, i 
owing to the free nitrogen of the air being assimilated by the legume 
by the aid of the Bacillus radicocola in its root nodules. | 
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Eepeated comparisons made at Woburn/ however, indicate that 
no advantage is gained by growing and ploughing in a leguminous crop 
as against a non-leguminous one. The green crops tried were.tares 
and mustard, and the subsequent yields of wheat were in favour of the 
mustard. 

It was proved, however, that the growth of tares gave a greater 
gain of nitrogen to the soil than that of mustard, and the results ob¬ 
tained are difficult to explain, as general experience, as well as theory, 
agree in indicating a decided advantage of leguminosce over other crops 
for green manuring. 

Various crops may be used for green manuring. In England, 
mustard, rape, tares, barley and rye are often employed, while in 
Germany, lupines have been successfully used and have converted large 
tracts of comparatively worthless sand into fertile land. 

It must be remembered, however, that green manuring under the 
most favourable conditions can only improve the physical condition of 
the soil and enrich it in organic matter and nitrogen, but cannot effect 
any increase in its inorganic constituents. The stores of phosphates, 
potash and lime in the soil are not augmented, though these constitu¬ 
ents are probably rendered more available. Its utility in preventing 
losses by drainage, however, is undoubted. 

In warm climates, many leguminous crops are well suited for the 
purpose. Cow-peas, Vigna catjang, velvet beans, Mucuna utilis, and 
the soy bean, Olycine hisyula, have all proved successful in this 
capacity. 

Sometimes the catch crops are eaten oh in the early winter by 
stock, penned on the ground, before the land is ploughed. In this 
case, the benefit to the soil, especially as regards increasing its store 
of bulky organic matter, is considerably less than when the whole 
crop is ploughed in, though the same saving of loss of nitrates in' the 
drainage is effected. 

The nitrogen in the portion of the crop eaten by the animals is 
partially returned to the land in their excrement, and is in a form 
(chiefly urea) which quickly becomes available again. 

In cases of soils extremely poor in organic matter, the plan of 
growing a crop with the aid of manures and then ploughing it in, is 
sometimes resorted to and results in rapidly enriching and improving 
the soil. 

CONCENTRATED MANURES. —In, the case of artificial manures, 
which are costly, i.e., of high price per ton, very different dressings are 
required. It wDl be convenient, perhaps, to deal with the commoner 
special manures separately, but a few remarks applicable to them 
in general may first be made. Since uniformity of distribution of a 
manure in the soil is almost invariably desirable, all artificial manures 
should be finely ground and, whenever possible, dry. As the quantity 
to be applied per acre is often only about 1 cwt. it is advisable to 
mix the manure with some diluent before application. Dry, sandy 


1 Jour. Boy. Agric. Soc., 1906, 299; 1905, 198; 1903, 335. 
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soil, or sifted ashes are often used for this purpose. The manure, 
thus diluted, can be distributed, either broadcast or by special manure 
drills. In some cases, drills which sow both seed and manure at the 
same time are employed. 

As a general rule, separate application for each artificial manure would 
probably be best for their utilisation, but often, in order to save trouble 
and cost, they are mixed before application and sown in one operation. 

In mixing artificial manures there are certain points which should 
be borne in mind or losses and damage may be sustained. 

Sulphate of ammonia, for example, should not be mixed with any 
manure containing free alkali. Basic slag, lime, or wood ashes w^ould, 
in contact with sulphate of ammonia, lead to evolution of free am¬ 
monia and thus loss of nitrogen. 

Nitrate of soda and sulphate of ammonia cannot very well be mixed 
before application, because of the formation of ilitrate of ammonia and 
sulphate of soda by double decomposition and the very deliquescent 
nature of the former. 

Acid manures, superphosphate or double superphosphate or dis¬ 
solved bones, if mixed with nitrate of soda or nitrate of lime, evolve 
nitric acid vapours, which act corrosively on brass or metal work and 
lead to losses of nitrogen. 

The addition of lime, basic slag, basic nitrate of lime, or wood ashes 
to superphosphate or dissolved bones, leads to the conversion of the 
soluble acid calcium phosphate of the latter into insoluble forms, with 
consequent injury to the ready distribution, through solution in water,^ 
which is the great advantage of the latter manures. 

Even the addition of any form of tricalcium phosphate, e.g., bone 
flour, to superphosphate, should not be done except just before the 
mixture is sown, or the soluble phosphates of the latter will undergo 
reversion to the less valuable “ reverted phosphate 

Another point to be borne in mind in using concentrated aiiiifiicial 
manures, is that direct contact of a considerable quantity of any sol¬ 
uble saline matter with the roots of a growing plant is dangerous, since 
it is liable to induce plasmolysis in the root-cells and thus kill the 
plant {vide Chap. XI, p. 239). Cases have come under the writer’s notice 
where large numbers of transplanted tobacco plants have been killed 
outright by ignorance of this fact, and where a small quantity' of a con¬ 
centrated soluble manure was placed in each hole, in direct contact 
with the roots of the plant. Solutions of above a certain concentration 
will destroy a plant when in contact with its roots, whatever be the 
nature of the dissolved substance. 

Nitrogenous Manures. — (a) Nitrate of soda .—Abundant supplies 
of nitrates tend to prolong the period of growth of most plants and to 
favour the formation of foliage rather than seed. They also tend to 
favour the production of large, succulent roots in the case of root-crops, 
which, weight for weight, are of much lower feeding value than the 
same roots grown with a less abundant supply of nitrates. Caution 
therefore is necessary in the use of this manure, especially in cases, 
where early, ripening of seed or fruit is of importance. 
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On pastures or meadows, applications of nitratc^s I'avoiu’ the; growth 
of (jrcmdnece at the expense of Lcgnminomy luicl may in tins way, if 
used in excess, injure the herbage and thus damage; the quality, though 
greatly increasing the quantity of the crop. 

Nitrate of soda is almost always used as a top (Irc'-ssing, and, as a 
rule, it should not be applied to a soil until the crop is sidlicitmtly W(dl 
provided with a root system to permit of the fertilise;!* being a})soi*bc;d 
by the crop. If ap^died too early, there is great risk of loss thi'ougli 
leaching. For the same reason, several small dressings are more 
economical than the same weight applied at once. 

From I' to 1 ew'^t. pe;r acre, applied in spi’ing, is usually tin; 
dressing for cereals, but in the cast; of barley for malting purpoHf;s, 
only limited supplies of niti*ates should be given or the (piality of tin; 
grain may suffer. 

On permanent meadows, up to 2 or 3 cwt. is often used, l)t;st 
applied in two or three dressings, but if farfn-yard manure; has bc;<;n 
applied recently, not more than 1 cwt. should lx; used. 

For mangolds and cabbages, 4 cwt. or more per acre is oft(;n 
employed with advantage. 

For turnips, swedes and potatoes, about 1 cwt. is usually e!!i- 
ployed, of course along with other manui’es. In orchards, nitratt‘H 
should be very sparingly used, if at all, or abundant woody gi’owth 
and little fruit will be produced. 

(b) Sulphate of ammo'iiia.---T\\e sources and ])rc;paration of this 
manure and of nitrate of soda have alrcmdy been descrilx;!] (vide ]). 14f)). 
Owing to its greater concentration in nitrogen, less total dressingH tlian 
with nitrate of soda are usually employed ; theoretically (>() lb. of sub 
phate of ammonia contain the same arnoimt of nitrogem m H5 lb. of 
niti’ate of soda, so that the equivalent of 1 cwt. of the; latter would be. 
86*8 lb. or 0*776 cwt. of sulphate of ammonia. In |)ractice | cwt. in 
often taken as equivalent to 1 cwt. of nitrate. 

Since, in most cases, the utilisation of sulphate of ammonia by 
plants has to be preceded l)y its niti*ification, it does not act as such a 
powerful stimulant to })lant growth as riitrate of soda, l)ut in suitable 
soils affords a steadier and more sustained supply of tiitrogen. For* 
this reason, and also because it suffers much less loss by being 
washed out in the drainage w^ater, it can, with economy, be applied in 
relatively lai-ger dressings at a time. J3ut due regard iimst l)e paid to 
the demands which it makes upon the soil for lime, in order to allow 
of its nitrification. 

Comparative Merits of Nitrate of Soda and Sulphate of Ammmiia. 

Numerous experiments on the relative advantages of nitrate at 
soda and sulphate of ammonia as sources of nitrogtm have l>ee!i miide. 
The general results may I)e summarised thus 

1. Nitrate of soda is quicker in its action, being alreiwly capable of 
yielding its nitrogen to the crop. Sulphate of ammotiia must first 
undergo nitrification in the soil before it can be utilised to any extent 
by the plant. For this process to occur it is necessary that some; basic 
material (generally calcium carbonate) be present iti ’order to (1) corn- 

12 



ni' M.vxria* 


VIIL 


blMf* %viih th*» Nti||iliimf* iirifl i 4 llir 

iimnvd w t’iirrir«l mI! in !ii«' Vnulf-i j, ;y*»l nj njliifitMiifm 

tiv riilfiniii ininil*-. i’V#*' lln’i#* ir:i%r4j4, #if jiifiini^iii^ 

1*1111 finly hr 4|»|ili*^d Ui a ^nlhm-ijfn i>! 

niiiii iin?i iln 4 riMi-.nlrrahlr 

nf f*'t|iiml l«i lUO *4 I'Silnyiii f4.rlM#ii4tr i^n »'iri 1 | Iftl «»f '«!iiji||jf|. 

lilliliniiaill Ji|i|iiir{h n»r if thr hiyr rr-« jliirrifi Im ! 4 llltir'|!|f >j* hr llil'ilKlnil 
Iwii'r lliiH ill ill** 4niiiiii^»r miitrf : 

-f h’iiCIl, t'jiHch *■ IKlIjii’l 1 ,,^ 4i,}«i 
iXII,i,rih -t UK 4-. -111/1. 

*inliri**i4t ill liitir f’i:iiii|»iJiiiiiH riiit Iw' iiinrr- Miiinliiy iiiiintifril will 

lalriifi^ Ilf mmIh. 

2. XilriiliMif I** niiMly wmiml iiitri l|p'* ftiilmul hy iiiiii, iiricl ii 

Wf't ♦ii’iiMitiH n r«ii^i4f»ritlilr mmnmX ri il i% |f»»4. It 4iriiilil cinfy 

ii|i|ili*’il w|if4i ih*" jiiiiril i’4i}i it. nf' inrifiiciiiift, 

llitiiinh t♦mllllly iii ih linl niii hy ruin li:i uny 

lint m lirlil hy lln* iitifl j;K«rliii|i!4 hy llii? Iiy* 

iifif! lilt* hmm hyih%%%nh^ tiriiil riiiriliriiiiiiti ri«:*iTiir«, F® 
.miljihiiir tif mtmumm- n 11 ^ 411 ! I4i rtrili*il filauti, 

%%'’l'iili* liilmli’ rif mnh% truth l*i ilrr|i rrwliiin;. Hli!jit»|« 

iii-titnoiiin, m ilirrrifiri* jirrCn-iihlr m wi*i mmmnm iiii4 nivm tin* bsil m 
♦iiilifi wHrri ii|i|,iliri| ni |fii* tiiin* rif fir I:it4i»rin Nilrifioilioii 

imit rinly phe**- in lltr iirr^w’iirr nf niiifliririih itiiil h fiiitiiirwl 
mtmmmnt, nhmt r4 rriiii|ili*^lr »«iilinitli«ti, mi llrul in thy m*m^m 

Ilf immwmm in mil mi Miiiiiltlr i-iiirmli* nf Mitlit.. 

Ofi mnh vrry tirli in imiriiiiti fifiiftMiiiiiiiri I 

m lit|i iiiiiy niillrr iliwiiiiAiiiitin^ IrmA liy wlililh' 

Hiitnni Ilf mmummmi ri#|i#-i!|it|iy in ilry mriilfirr.. Tlii^ 

run b» |irr%-rnii'^i| hy nr iln* ♦«iil|i}'iiilr iiit«i the 

mmmimiMy iii'trr ii** niniiiriiiirifn 

-L Ikiih rniritlf* *4’ %c»s|a iiii 4 Aiil|»lw.lr rif aiiiiiifii'iw fitily |itM 
itir rr-Mill#* lln* Mill in Al«iii*liiiitJy Pin|i|ilii*il tlllf 

mry tiiiiiniil mnmiMMtmln tif |»ktfl. fmnh 

Wii-li -fiiilj'iliAir nf AiiKwinifi, il w iiifirr Atiji|il|' 

■jAitiwh, im iiiAiiy miil'iijln* fit iiiirAir r#| fumitt m}i|ii*#tr^ III r*m4w 
pAm4t iiifinifrifiii' iiriiirrrimry* al hml Im b liiiirr 1 nw ii«y rliie 
In iIa m%um in fiivfiiifirin 4ei*|i rrmthin. thr iii*rr^«mry fiwtii^lt w*iiig iite 
lniiied 1mm Ihr asilmiiih w juirtly iti itn ifi llie }miI^ 


ifior** Afmliilii** fir, iirr 






















CYANAMIBE—NITRATE OF LIME. 


179 


7. The repeated application, year after year, of sulphate ot ammotiia 
to grass land, tends to induce a sour or peaty character in the mirfaco 
soil which is injurious to the plants, unless lime or other basic sub¬ 
stance be used to correct it. 

(c) Calcmm cyanamide can be used in much the same way as sul¬ 
phate of ammonia and appears to be capable of giving the same results. 
Its injurious effect upon plants, noticed in the earlier pot experiments, 
which were regarded as indications that it should only be applied some 
considerable time before the seed is sown, do not appear to l)e of any 
importance on the large scale, and unless excessive (juantities l)(5 em¬ 
ployed, no injury from this cause is likely to occur. Any unchangcnl 
calcium carbide which may be present, is probably injurious to plants, 
but this would soon disappear after application to damp soil. Calcium 
cyanamide absorbs moisture and carbon dioxide on exposure to air; 
hence the percentage of nitrogen is lower in samples which have been 
exposed to the air for some time than in the fresh material. Th(i 
variety containing calcium chloride (known sometimes as nitrogen 
lime,” as distinguished from the other variety “ lime nitrogen ”) incrf‘aB(»H 
in weight on exposure more rapidly than the other. 

{d) Nitrate of hme .—This substance closely resembles nitrate of 
soda in its action and the remarks made about that substance apply 
almost entirely to this manure. It differs, however, in being more 
hygroscopic, and should, therefore, he preserved as much as possibhi 
from exposure to the air and used in the fresh condition. Tlie fact 
that it contains lime gives it certain advantages over the sodium salt. 
It is used in about the same quantities per acre as nitrate of soda, and, 
in many experimental trials, has been found to yield equal or slightly 
better results. 

pi 

Phosphatic Manures.— These ‘ manures differ from nitrates of 
soda or lime in one important respect—-that they are retairuKl tena¬ 
ciously by soil and are thus in little danger of suffering loss by 
drainage. They can therefore be applied before the cro|) requires, 
them, but here again, it must be remembered that comparatively fresh 
applications are far more effective than residues from dreBsing» 
applied to the soil some time before. In the latter casc^ Bome of the 
phosphates are “reverted” and pass into states of combination, 
perhaps with the iron oxide or alumina of the soil, which do noi 
readily yield them up again to the plants’ roots. 

As already explained, there are three chief forms of phosphatoft 
present in the various phosphatic manures:— 

(a) Soluble phosphates—m in superphosphates and dissolved 
bones. In these manures, the distribution of the valuable ingredient 
is to a large extent accomplished by the solubility, in the water of 
the soil, of the monocalcium tetrahydrogen phosphate, though lhi» 
substance is soon converted into insoluble forms by the action of 
certain soil constituents—mainly by calcium carbonate or ferric oxide. 
But its initial solubility in water secures for the phosphoric acid ir far 
more complete distribution through the soil than could be obtained 
by any mechanical stirring. 
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(c) Insoluble phosphates .—These manures should be finely divided 
and in any case are slow in action. Bones should be used as meal or 
dust, since “ quarter-inch bones,'’ and “half-inch bones,” which wtere 
formerly much used, remain unchanged for many years in some soils. 
Mineral phosphates are of little use unless extremely finely divided 
and even then are slow in action. Indeed this class of manure tends 
rather to improve the condition and general fertility of the land, than 
to feed the next crop which is put upon it. Pastures, turnips, 
tobacco, vines and hops are often manured with bone meal or bone 
dust, and up to 4 or 5 cwt. per acre is the usual dressing. The 
manure should be applied some time before the crop requires the 
phosphoric acid. There is some reason to believe that phosphates/in 
any form, tend to pass, on application to a soil, into the state of oxy- 
apatite or hydroxy apatite {vide p. 154.) 

Potash Salts.—These are retained by the soil with great tenacity, 
and little or no loss through drainage need be feared. Potash 
manures can therefore safely be applied in the autumn, either as top 
dressings, or drilled in with other manures. 

They are needed mainly on sandy and peaty soils, and the crops 
which most readily respond are potatoes and leguminos<£. Por corn, 
clover, grasses and turnips it does not appear to be of importance 
whether the chloride or sulphate of potash be employed, but sugar- 
beet, potatoes and tobacco should not be manured with the chloride. 
The effects of this substance are, in the case of beets, to diminish the 
proportion of cane sugar, with potatoes to render them waxy, and 
with tobacco to cause the finished product to burn badly. 

Potash manures are not applied in large quantities, from 1 to 2 
cwt. of the sulphate or muriate, or up to 5 or 6 cwt. of kainite^ being 
the usual dressings per acre. With the last mentioned, the introduc¬ 
tion of considerable quantities of magnesium and sodium salts along 
with the potash, may, in some cases, be injurious, and due regard must 
be paid to this fact. Where drainage is small, a brackish condition 
of the soil may easily be induced by the prolonged use of kainite. 

Note on Artificial Manures in Geneiul. 

Most artificial manures, being saline bodies, may be divided into two 
types:— 

1. Those in which the valuable constituent exists in the basic 
portion. 

2. Those in which the valuable constituent exists in the acidic por¬ 
tion of the salt. 

Included in type 1 are—sulphate of ammonia, sulphate and muriate 
of potash and kainite. In type 2 are—the nitrates ol soda and lime 
superphosphates, basic slag and calcium cyanamide. * 

Apart from complications arising through chemical changes in 
the soil, prior to the assimilation of the manure by the crop, the two 
t^es ultimately have a distinctly different action on the soil’s con¬ 
dition. 

The first type tend to render the soil “sour” or acid since their 
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CHAPTEE IX. 


The Analysis and Valuation of Manubes. 

In ithis chapter, before discussing very briefly some of the methods 
used for the determination of the valuable constituents of manures, a 
short account of the usual methods of expressing the results of a 
chemical analysis of manures will be given. Some of these methods 
are merely conventional and involve the use of certain terms which are 
no longer used in the same sense in modern scientific nomenclature. 
Take, for example, a superphosphate : the usual old-fashioned method 
of expressing its composition is as follows :— 

ANALYSIS OF A SUPERPHOSPHATE. 

Per cent. 

Monocaloiunx phosphate.— 

(equal to bone phosphate rendered soluble) 

Insoluble phosphate. — 

Hydrated sulphate of lime.— 

Organic matter and water.— 

Alkaline salts . *.— 

Silica.— 

The explanation of some of these terms has already been given {vide 
p. 159), but may perhaps with advantage be repeated here. 

By monocalcium phosphate ” in the above analysis is meant all 
the phosphates soluble in water, expressed as monocalcium phosphate 
(not, as would be correct, as CaH 4 P 208 , but totally falsely as CaPgO^, 
which is the formula for calcium metaphosphate). Consequently, the 
percentage amount of monocalcium phosphate,” in order to give the 
equivalent amount of bone phosphate,” i.e., Ca^PgOg, must be multi¬ 
plied by 120 + 62 -1- 128 = 310, and divided by lo + 62 + 96 = 198. 

By insoluble phosphate ” in the analysis is meant the total of tri*- 
calcium (and trimagnesium) phosphate, CagP 20 g (insoluble in solution of 
ammonium citrate), and dicalcium phosphate, Ca2ll2P208 (= CaHPO^), 
together with the phosphoric acid in combination with iron and alu¬ 
minium (soluble in solution of ammonium citrate), all expressed in terms 
of tricalcium phosphate. The phosphoric acid soluble in ammonium 
citrate solution is known as reverted,” retrograde,” or reduced ”. 

The “ hydrat^ed sulphate of lime ” obviously refers to the compound 
identical in composition with gypsum, Ca 804 . 2 H 20 . 

'' Organic matter and water ” requires no explanation; it is loss on 
ignition after deducting the water contained in the “ hydrated sulj^hate 

( 183 ) 
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of lime,” which would also be expelled ; why this allowance is made 
for mere water of crystallisation in the case of calcium sulphate and 
no allowance for the necessary water of constitution of the monocal- 
cium tetrahydrogen phosphate, CaH 4 P 20 g, it is difficult to understand. 

“ Alkaline salts ” is another unsatisfactory item ; it is hard to say 
exactly what it means. 

‘‘ Silica” usually represents the matter insoluble in acids and often 
consists mainly of real silica, SiO^, though it may contain other minera.1 
fragments. 

A much more scientific and in every respect more satisfactory way 
of reporting such an analysis, adopted in more recent 'work, is as 
follows:— 

Per ceiitv 

Total phosphorus pentoxide.— 

r Soluble.— 

.) “Reverted,” “reduced,” “retrograde,” or, better, 
otwmcnis-’ ucitrate soluble”. — 

^Insoluble ... .— 

Sulphur trioxide..— 

Loss on ignition.— 

Potash (if any). — 


In the case of nitrogenous manures it is often the practice to give 
the nitrogen as equal to — per cent of ammonia; if the percentage of 
nitrogen is given as well, this plan is perhaps permissible, but it 
would be much more intelligible to give the latter than the former^ 
The percentage of ammonia equivalent to the nitrogen present should 
therefore not be given alone, especially in analyses of organic manures 
or those containing nitrates. If the nitrogen content be stated, no 


error as to its state of existence can be conveyed, and its equivalent 
in ammonia or nitrogen pentoxide is easily calculated, since N = NEC^ 

= ^ or 14 of nitrogen correspond to 17 of ammonia or 54 of 


nitrogen pentoxide. 

The most complete way would be as follows :— 

Total nitrogen. 

{ Ammoniacal nitrogen 
Organic nitrogen .... 
Nitric nitrogen .... 


Per cent. 


The analysis of a manure is usually directed to the determination 
of the amounts of one or more of the three substances, nitrogen, 
phosphorus pentoxide, or potash present, and to the detection of the 
presence, and, if necessary, the determination of the amount, of any 
possibly harmful or objectionable ingredients. 

The tables on pages 185 and 186 give a list of most of the com¬ 
mercial manures, with their valuable and objectionable ingredients. 

In addition, the general manures, e.g.\ farm-yard manure and sea¬ 
weeds, contain all constituents of plant food, together with large 
quantities of decaying organic matter and water. 

Tor full descriptions of the methods used in the analysis of manures 
the reader must refer to some treatise on the subject—only an outliire 
'“n*be given here. 
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I.—NITROGENOUS MANURES. 


Name. 


Dried flesh . . •, 

,, :blood 

Shoddy and woollen! 
■waste . . . 

Hair, horn and leather 
waste . . . , 

Rape and other oil-seed 
cakes 

Sulphate of ammonia 

Nitrate of soda . 

,, of potash 

Soot .... 

Calcium cyanamide . 

Nitrate of lime . 


Constitueiith of value. 


Organic nitrogen 


Organic nitrogen (phosphoric 
acid) 

Ammoniacal nitrogen 
Nitric nitrogen 

,, ,, and potash 

Ammoniacal and organic 
nitrogen 
Nitrogen 

Nitric nitrogen 


Harmful constituents. 


Oily matters 


Oil 

Thiocyanates, arsenic : 
Perchlorates, chlorides' 


Calcium carbide, sul¬ 
phides 


II.—PHOSPHATIC MANURES. 


Name. 

Constitucmts of value. 

Basic slag . . . 

Phosphorite and coprolites 

Citrate-soluble phosphorus 
pentoxide (lime), also de ¬ 
gree of fineness of divi¬ 
sion 

Insoluble phosphorus 
pentoxide 

Precipitated phosphate 

Bone ash, bone black . 
Mineral superphosphate 

)» 

It tt tt 

Soluble, insoluble and 
citrate - soluble phos¬ 

phorus pentoxide 


Harm ful const it uents. 


Sulphides 


Iron and alumina; 
fluorides, if for 
“super.*’ manu¬ 
facture 


Iron and alumina, 
arsenic 


IIL—NITROGENOUS PHOSPHATIO MANURES. 


Name. 

Constituents of value. 

Harmful constituents. | 

1 

Bone dust and bones ] 
Spent animal charcoal !■ 
Fish manure . . J 

Insoluble phosphorus pent¬ 
oxide and organic nitrogen 

j 

Sand 

Oil, sand 

Nitrogenous guanos ^ 
Dissolved ,, [ 

Ammoniated ,, j 

Dissolved bones . j 

1 

Soluble, citrate-soluble and'j 
insoluble phosphorus | 

pentoxide, organic and T 
amnioniacal nitrogen j 

Arsenic, excessive quan¬ 
tity of calcium sul¬ 
phate i 

j 
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IV.—POTASH MANUEES. 


Name. 

Constituents of value. 

Harmful * 

Potassium chloride and sulphate ] 

Kainite.V 

Potashes . ... j 

Potassium nitrate . 

Eefuse from wool ocouring 

Potash 

Potash, nitric nitrogen 
Potash,organic nitrogen 

Excessiv#’; 

of 

rides 


Determination of Nitrogen.—The method to be emf 
pends upon the possible state of existence of the nitro^ 
manure. 


Organic Nitrogen, such as occurs in farm-yard manure, 
guano, fish meal, bones, rape-seed meal and cake, etc. The i 
factory method is the Kjeldahl process, which may be | 
exactly as described under soil analysis, p. 96. The result 
amount of nitrogen existing as organic compounds and as 
and in most.cases a portion of that existing as nitrates, 
analysis, the nitric nitrogen can be wholly included if salicj'l 
added {vide p. 98). 

Ammoniacal Nitrogen.—This can be estimated by «! 
with magnesia, MgO, conveniently in a current of steam, an<l 
the evolved ammonia in a measured quantity of decinormal 
acid. Potash or soda would also liberate ammonia from aii 
salts, but they would, in addition, decompose a portion of ll» 
nitrogenous substances, if such were present. 

Nitric Nitrogen.—In manures containing a large prof a 
this constituent, e.g., sodium nitrate, the determination can 
ently be made by means of Lunge’s nitrometer, an insirii 
which the volume of nitric oxide, NO, evolved on shakini 
nitrate with strong sulphuric acid and mercury can be fi 
Another satisfactory method of determining nitrate is by 
method with ferrous chloride and hydrochloric acid. Other 
for the determination of nitric nitrogen are based upon its 
ammonia and subsequent distillation with alkali. This rediiei 
be brought about by treatment in alkaline solution with ^iiia 
(Mockern’s process), or in presence of sulphuric acid by reclii 
(Olsch’s method), or by treatment with a mixture of sulpliii 
salicylic acid and sodium thiosulphate (Forster’s method). 

In many cases nitrate of soda is valued by “ refraction/' 
determining the total percentage amount of the impuritiofi 
The substances usually present in Ohili saltpetre are— moim 
soluble matter, chlorine, sulphuric acid, magnesia and 
These constituents are determined by the usual processes. A 
two may be said about the determination of the perchlorate, a 
whose presepce and importance in nitrate has only receiti 
realised. Five grammes of the dried sample are heated for m 



















PEBCHLOKATKB—PHOSPHOKIC ACID. 1H7 

of an hour over a Bunsen lamp with 7 or 8 grammes of pure calcium 
hydroxide in a covered crucible. The mass is then transferred to a 
measuring flask, made up to 128 c.c. with water, digested for an hour, 
and hltered (3 c.c. is taken as the volume of the undissolved matter, 
so that 125 c.c. of solution are really taken). To 100 c.c. of the 
filtrate ( = 4 grammes of the sample), dilute nitric acid is added until 
exactly neutral and the chloride present is then determined by titra¬ 
tion with silver nitrate. After deducting the chlorine present origin¬ 
ally as chloride (determined by direct titration without treatment with 
lime), the chlorine found is calculated to perchlorate.^ 

In the case of most manures the determinations of the various 
constituents are made by the usual quantitative methods, but iti some 
cases shorter and easier, though perhaps Ims accurate, methods are 
employed. A few of these rapid methods may be mentioned. 

Phosphoric Acid.—In the presence of aluminium, iron and 
calcium in ordinary analytical work it is generally considered neces¬ 
sary to first precipitate the phosphoric acid with ammonium molyb¬ 
date, wash the yellow precipitate until the above-mentioned metals 
are removed, redissolve the precipitate in ammonia, and precipitate 
with magnesia mixture. Instead of this somewhat tedious and costly 
process, it is possible, by the addition of citric acid to the original 
solution, followed by magnesia mixture and ammonia, to keep the 
iron, aluminium and lime in solution and obtain all the phoB])horic 
acid as magnesium ammonium phosphate. The method is only 
suitable when the quantity of phosphoric acid is fairly large and that 
of iron and aluminium not considerable. 

The phosphoric acid of a manure may be present in three states of 
combination, as already stated 

1 . Water-soluble phosphates. 

2. Citrate soluble phosphates. 

3. Insoluble phosphates. 

The methods of determining the first and third require little or no 
explanation. For the second the residue from the water extraction 
after washing with water is used. It is extracted with a Bolution of 
ammonium citrate of specified strength, for a specified time, and at a 
specified temperature. 

The ammonium citrate solution employed is usually of specific 
gravity 1'09 at 20*^ and contains about 370 grammes of crystallised 
citric acid, neutralised with ammonia, in two litres of water (American), 
or 333 grammes citric acid (Petermann), or about 360 grammes (Halle 
process) in two litres. 

The temperature and time of digestion recommended by different 
workers vary: 30® or 40® for half an hour (Frankland); 60® for half an 
hour (Halle station); 36® to 40® for one hour (Norway stations); 65® 
for half an hour (American official ehemiste). 

In any ease the liquid is Altered and washed, and the phosphoric 
acid in the residue determined as usual. 


‘ Blattncr and Bras^jeur, Chem. £eitnng, 1000, 767. 
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Thus, direct determinations are made of— 

1 . Phosphoric acid soluble in water. 

2. Total phosphoric acid. 

3. Phosphoric acid insoluble in ammonium citrate. 

The difference between ( 2 ) and (3) gives the citrate and water 
soluble phosphoric acid, and by subtracting ( 1 ) the citrate soluble oi 
“reverted ” phosphoric acid is obtained. 

In the case of basic slag, the tetracalcium phosphate is soluble ir 
citric solution, but as there is always more or less free lime present, 
Wagner recommends that sufficient citric acid be added to neutralise 
the free lime in 5 grammes of the slag, and then 200 c.c. of acid 
ammonium citrate (naade by dissolving 160 grammes of citric acid in 
water, adding 27*93 grammes of real NH 3 and diluting to 1 litre). 
After filtering, the phosphorus pentoxide in solution is estimated by 
separation with ammonium molybdate solution and precipitation by 
magnesia mixture as usual. 

Potassium in presence of sulphuric acid, iron, lime and magnesia.! 
—'Usually the above bases and the sulphuric acid have first to be re-i 
moved by means of ammonia, ammonium carbonate or oxalate, andi 
barium chloride, necessitating the subsequent removal of the ammonium i 
compounds and excess of barium. By direct addition of platinum! 
chloride to the hydrochloric acid solution of the original substance,! 
evaporation to dryness, and washing, first with a little platinum chloride I 
solution, then with alcohol, next with a 20 per cent solution of amnion-i 
ium chloride, to which sufficient solid K^PtCl^j has been added to saturate; 
it, and lastly again with alcohol, a pure double chloride of potassium; 
and platinum may be obtained. In these days of dear platinum, the! 
potassium may be preferably determined by the perchlorate method: j 
10 grammes of the potash salt are dissolved in water, acidified with! 
hydrochloric, heated and precipitated with the minimum quantity of i 
barium chloride. The liquid is made up to 500 c.c. and a portion) 
filtered from the BaS 04 . aliquot portion, say 25 c.c. of the clear | 
filtrate, is evaporated in a porcelain dish with 5 or 6 c.c. of perchloric 
acid, until all HCl has been expelled and fumes of perchloric acid begin 
to arise. The residue is cooled and treated with strong alcohol contain¬ 
ing 0*2 per cent of perchloric acid, the crust being well broken up 
Further washing with the acidified alcohol and finally with a little pure 
alcohol, leaves a residue which, when dried in an air bath at about 
125° C., may be considered pure KOIO 4 . 

THE VALUATION OF MANURES FROM ANALYSIS.—From 
the percentage amount of the valuable constituent in a single manure 
and its commercial value per ton, it is easy to calculate the cost of the 
actual valuable ingredient per lb., or, as is perhaps more usual in this 
country, “per unit'' i.e.j the value per ton of each per cent. 

For example, take nitrate of soda, containing, say, 15*75 per cent 
nitrogen, and assume its price per ton to be MS. 
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Nitrogen, in this form, costs— 


B X 20 X 100 

2240"x 15-75 


0-457s. per lb. 


5*484(1. per 11). 


or its value “ per unit ” = — 10 •2s. ^ 10s. 2.1(1. 

^ 15*75 

In sulphate of ammonia, containing, say, 24'5 per ccuit o( 
“ammonia,'* equal to 20*2 percent nitrogen, if its pnce bi^ taken at 
£12 per ton, nitrogen costs— 


12 X 20 X 100 

2240 X 


= 0*53s. per lb. 


6*30(1. per 11). 


or its value “ })er unit ” — 11*H3 h. — 11s. lOd. 

20*2 

The two methods of expressing values are related to each other in 
a simple manner. It is evident that the price “ ]yer unit," since it 
refers to the price per ton for each per cent of th(^ constituent in 
question, is really the price of of a ton of the actual manurial 
constituent. In other words, it is the price of 22*4 11). Obviously thc^ 
price per lb. multiplied by 22*4 will give the (Hpiivalent pricti “ pen- 
unit 

In a similar way, the value of phosphorus ])(uitoxi(le and ]K)taS'- 
slum can be calculated from the market prices of tlui various ])hos- 
phatic and potash manures. As in the case of nitrogtni, the vahu^s 
obtained vary in the case of different manures. 

Tables are sometimes published giving the value of the threes prin¬ 
cipal manurial substances per unit in various comnuu-cial mamuTS. 
The table on the following page, calculated from omj givem in the 
Transactions of the Highland and Agricultural Society of Bcotland, 
1910, may serve as an example. It is based on the ])ric£w curremt at 
Glasgow or Leith, except in the case of basic slag, where prices are 
those at place of production. 

The figures in brackets after the name of the manure indicate the 
trade guarantees. Obviously such tables can only have a transifuit 
and local importance, since prices of manures are Hul)ject to considei*- 
able fluctuation. 

In ordinary tables of this kind, the values pen- unit of “ammonia" 
and “ phosphates Ga.jPjjO^ are usually given, and not those of 

nitrogen and phosphorus pentoxule, as in the above tal)le. The latter 
plan certainly appears preferable, except on the ground of custom, 
since such substances as nitrate of soda and many orgiuric manures 
contain none of their nitrogen in the form of ammonia ; and, similarly, 
superphosphate and basic slag contain most of their phos|)horuH 
pentoxide in forms other than tricalcium phosphate. Perhaps the 
same argument applies to the other manurial coristituent—“potassliim 
—(though to a less degree), since in some manures it exists as 
chloride and not as potash. 

It may perhaps be useful to give an example of the application of 
the table of unit values " to the calculation of the money vahia of a 
manure from its analysis. 
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Manure. 

Price per ton. 

£ s. d. £ s. d. 

Valuable con¬ 
stituent. 

p 

Sulphate of ammonia (24 




per cent ammonia) 

11 17 6 

Nitrogen . 

1 

Nitrate of soda (19 per 




cent ammonia) . 

9 0 0 


1 

Peruvian guano 

5 0 0 to 9 0 0 


1 



PaOs . . 


Bone meal 

5 10 0 „ 6 0 0 

Nitrogen . 

1 



PgOg (insoluble) 


Steamed bone flour 

4 0 0 „ 4 15 0 

Nitrogen . 

1: 



PaOg (insoluble) 

! 

Dissolved bones 

5 6 0 „ 5 10 0 

Nitrogen . 

L 



P^Og (soluble) . 




PgOg (insoluble) 

« 

Superphosphates . 

2 10 0 „ 3 13 0 

PyOg (soluble) . 

i 

Thomas’ slag . 

1 5 0 „ 2 2 6 

PgOg (insoluble) 

f 

Muriate of potash (50 per 


' 


cent KgO) 

8 15 0 

K^O. . . 

r 

c 

Sulphate of potash (52 




per cent KoO) 

9 15 0 

KoO. 

C 

Kainibe (12 per cent KgO) 

2 5 0 

k;o . . . 

s 


Suppose a sample of dissolved bones to yield th 
numbers on analysis:— 

Pe 

Total phosphorus pentoxide. 

Soluble „ „ . 

Insoluble „ „ . 

Nitrogen „ ,, . 

Its value per ton would be calculated as follows :— 

Percent. Value “per unit ”, £ 

8*6 X 4s. lOd. Value of soluble phosphorus pentoxide = 2 
8’5 X 3s. 7d. ,, insoluble „ ,, =13 

2*5 X 15s. 6d. ,, nitrogen . . . . =13 


In America, the plan of expressing the trade value of n 
gredients in price per pound is general. The following tab 
estimated trade values ^:— 

Oem 

Nitrogen in ammonium salts .... ... 

„ „ nitrates. 

„ „ dry and fine fish, meat, blood, etc . 

„ „ fine bone and tankage. 

„ ,, cotton-seed meal, castor cake, etc, .... 

„ „ medium bone and tankage. . . . 

„ „ coarse bone and tankage . . . 

„ ,, hair, horn and coarse fi^sh refuse .... 


Quoted by Wiley from Bull. 51, 1894, of the Mass. Agric. Es^, i 
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OeritH pw 11). or d. 

Phosphorus pentoxide, soluble in water.6 8 

„ „ ammonium citrate ... 5^ i2| 

in fine bone and tankage . . . ^ 2f 

,, medium bone and tankage ... H 
,, coarse bone and tankage ... 2 1 

„ fish, oil-seed cakes and wood ashes . 5 2^ 

„ mixed fertiliser.-?, insoluble in ammonium 

citrate.2 1 

Potash in sulphates and mixtures free from chlorine ... 5 2| 

,, „ chloride.2J 

—while the manurial constituents of foods are valued as follows 
Organic nitrogen . . . . 15 cents or 7^(1. per lb. 

Phosphorus pentoxide ... 5 „ 2|d. „ 

Potash.5 „ 2|d. ,, 


It must be clearly understood that the above method of valuing 
manures is based only upon trade prices and in no way depends upon 
the results of agricultural experience. 

Tables* have been constructed, giving the relative value of the same 
manurial constituent when applied to land in various forms, as 
measured by the increase in the crop produced. For example, ac» 
cording to experiments by Wagner in 1886 with wheat, barley and 
flax, the effect of the various forms of phosphatic manures upon 
plants abundantly supplied with potash and nitrogen are represented 
by the following numbers ^~ 


Superphosphate. 100 

Raw guano.SO 

Bone meal.10 

Coprolite powder. 9 

Thomas’ slag, finest.01 

„ „ fine.58 

„ „ coarse powder.18 


Field experiments with manures are highly valued in agriculture 
and undoubtedly furnish valuable, though somewhat empiric, infonna- 
tion. In many of these trials the manures are taken at the usual 
trade valuation, and it is highly probable that, in a large rmmber of 
cases, the phosjihoric acid of superjAosphateB appears to yield better 
results than it really does, because of the trade custom of ignoring the 
insoluble phosphates present in a mineral super|)ho8phate and only 
reporting that existing in the soluble form. It therefore ofteti 
happens when a superphosphate containing a stated percentage of 
soluble phosphates” is employed in comparison with an ec|ual 
quantity of phosphates in, say, hones or basic slag, that the super” 
plot gets the benefit of the insoluble phosphates in the manure, which 
may amount to 4 or 5 per cent. 


* Vide Thomas’ Phosphate Powder, by Prof. Wagner, Darmstadt, ISS7. 
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In the following list of these two groups, those members which 
are of importance as occurring in plants are printed in black type. 
The others have been prepared artificially:— 

(a) Aldoses^ i.e., compounds containing the group 

Pmtoses, l-arabinose, CHO.(CHOH)3.CHoOH 

rZ-arabinose ,, 

J'xylose „ 

J-xylose ,, 

Z-ribose ,, 

^Z-lyxose ,, 

Bexoses, d-g-lucose, CH0.(CH0H)4.CH20H 

Z-glucose • „ 

d-mannose ,, 

Z-mannose ,, 

d-galactose ,, 

Z-galactose ,, 

d-gulose ,, 

Z-gulose 

d-idose ,, 

Z-idose ,, 

h-talose ,, 

Z-talose „ 

ih) Ketoses, i.e,, compounds containing the group 0 = 



Pe^itose, Z-arabinulose, CH^OH.GO.(CHOH),.GH.OH 
Hexoses, d-fructose, CH.OH.GO.(GHOH)3.t)HpH 
Z~fructose „ 

d-sorbose „ 

Z-sorbose „ 

^f-tagatose „ 

The prefixes laevo- (Z-) and dextro- (^Z-), originally used to indicate the 
direction of rotation of the plane of polarised light by solutions of the 
various sugars, are now, by Fischer, employed to indicate the configu¬ 
rations assigned to their constitutional formulae, and in the hexoses, 
are descriptive of the position of the hydrogen atom attached to the\ 
third carbon atom. 


Thus— 

H—C = 0 

1 

o 

II 

o~ 

1 

M 

f 

-o 

II 

o 


CH,OH 

H—C—OH 

1 

H— 0— OH 

H—C—OH 

I 


i = 0 

1 

HO—G—H 

1 

1 

H—G—OB. 

J 

HO—0—H 

1 

HO- 

1 

-G—S 

j 

H—C—OH 

1 

HO—C—H 

HO—G—H 

1 

H- 

-C—OH 

H—0—OH 

1 

HO—C—H 

H— 0— OH 

H- 

j 

-C—OH 

1 

CHjOH 

I 

OH,OH 

j 

CH^OH 


(inaOH 


d-glucose. Z-inannose. d-galactose. d-fructose. 
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iHOCH 


HOOH 

Hoin 


HCOH 

HOC!H 


HCJOH / HCOH 

CH, in,OH 

Maltose = glucose a glucoside. 


HOOH 
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Hoin 
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HOCH 
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CH.,OH 


CH^OH 


HOOH 

nioH 


Lactose = glucose S galactoside. 
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HCOH 
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Hoin 


HCOH 


CHpH 


CH,OH 


Sucrose = fructose and glucose. 
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CH^OH 


Trehalose = glucose and glucose. 
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VKXliiSKS. 
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HC’O 


i 

HCOfl 

I 

UOilli 

! 

fiOC’H 

! 

HJ’OH 

It in /-sinibiMOH** thou^^h it m Htrcnii^Iy ili*xtr()-raia,k»ry, 

’Fhe, (ItiXiro lian ol^tainccl artili^ialiy. 

XyIos€.-—Thin, too, tlooH not occiur roady forinoci in plants btii 
ri'HiiltH frc'Hn tht» liycirolyHiH of xijltin, tin* main (.joimtitnorit of wchm! 
.i^uin. It ri'HianbloH arabinoHo in proporiittH but (ImHoIvon in lint alca>bol. 

[iiko arabinoHi; it is an aldoHo and roducoH ooppor saltH. liibosn is 
anotht*r isominnc pontoso obiaimsl artil'udally, Xylcmi.^ and rilnwo 
hav(t tho following constitutional formubn: ^ 


HCC) 

IICO 

I 

1 

MCOII 

IKK’fl 

1 

IfOCII 

1 

j 

no(:n 

i 

IlCOH 

Ht»r.n 

1 

ir/oH 

1 

i^con 

l-xykimt. 

/•riiwiHti. 


The meihjii pmUmen,- .-Pucone, liiw bwui obtaiiitfti 

iVorn a f4f!a“Wf!i!d (Fncu^ mi(Umin), It oocurH m itt^ jKilyrricridif, 
fimman, in tho adl walk of rtiaiiy ai»a filants. It In ii cryi^tiilliiiit, 
Hwoct, vi*ry mdiiblo Hubstancc, yielding methyl fiirfurol on distillifetlmi 
with liydrochlor'ie iicirL 

Rhamniise, is not found in the free htain i|i 

plants, bill ocourH very frecpiently in conifimindH analogous tr> itii* 
gltieoHideH, from whieh diliiti! iickb or iiliuii si'iltitkin set the sugio* frei.% 
As i|iii‘reiir!ii ii Iras beiof found in many planH ra/,, in Huniaeb, lio|m. 
ti*ii«Iea'ves, iihIi itiwl liomf*«cheHtnut 


4- 2H J) 

Qiii?r«Tarhi. 




^Iiiriy other gliicimidedike iMaiiim havi* been ohiiilnial frriiti 
Willie yitdiliiig lihmtm* tm well m rliatnriOHtn 

flhaifiiios!* foriiM hard eryntafa, very miluhle in water, has a sweef- 
I 4 h 0 % Inii ii Idlter after-tiisie. It kmim its water of erysliil!i^'4;i 

lion at almiii ICIfy'; lly nafyotioti ii forms the |imiiadiydrie lilrobol 
rkiimfiJif or rlmmuiUd^ awa*et, scdtilili* Hiilmlaneir, 

like gliH^we, is colonred yelknv liy itikiilies and rediirj'S 
’Siills. 11 is (loloiirwl violel*hiiie by sul}ihiiriff aeki itial 

iJiol, 
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lUH 

2. The (',J IjJTh** nn-ui hus-fl 

in the v<*i4rtabh* kin^^dnin. t(iNipi in lli** 17-' 

friiilH) or in onmijinatitni wilh nr»4ani»' nri»l^ ^ 

ThoV are |U’0«lui*nd liv tliM U.r., tli*- ^ h- 

olcnionis waiori <»f thi* diHarrlmrnsrH, .* Mi.- 

^lueosidoH. H’hn ii-MiHlIy Ia" f,s. 

oi’ hy tlio action of hot m'uh, 

Thov am i^oiiorally c’r)'H!alliHahl»» ‘.•niohi*' 

IKHSOHsin^Mt Hweei laHto. ami noaiiy iriMiliihh' iii aJmliM], j.. 

ally ox!ii!»it optioiil url-ivity, or.. llii’V nilaf*- ili*- |il;i.i;« ^ ,..,s 4 

Tla*v hIuhv iho niirliorm of aial kt-fioii-H «ij ii'. <o , ».?,4 

pOHMOHH tl'H* |K»Wi‘r, III atIviilh^n of rr 4 01*110.’ roj*:! .r < ^ ■ !«■ Ui 

<ixido. With |.»liriiyl 4 iyiiiii/imo II^X.X If ^ Ji, th* -f. 

yicdcl, in of ai’iil, |»rr*r5|fi!iitr ■: i i:* (■'■/■. l, 04 

(mamfifH 

- C‘,Hj„CV(N.XH.(\lL|, 7 2114) f Xlf, K1I,J''JI. 

< * liic'f mtm me. An j I , 

Jkfany of tho Hokohi^h an* oii|)nltlf' fif foriiifnilalinri tiialrr ilr*' ndiii- 
iuicii of yoiiHt, SmThurenvijiTM treerhiff, yioliliiti^* aJrolail iiiid carl^Jii 

(lioxido iw till? ohiof 

Small qtiaiititioH of airiyl alnohfih r Jf^^l If I, ^ 

luai Huodnio aoitl, (',Jl,|ff'OUH|... an* hIm* furop'd. 

and f/4'rueloHo an* liitw wliil** 

l4ruoUmi* a.nd ot(i«*r ho'Xo^oH do not fia-iiioril \%-iili yr^iif*!, 

Mamiose, tlio Iildrliydo of Iiiitiitiiiol m loariinliy 

a Hwroi Htdmtiiiioo maairriiin in fiifiiiy |iiiinOr in 

tho maiinaomh iFrujiHitn t^niun'i, tlio iira*«l «4 wlorli r<oi' 4 ?jfof «-4 
mimui, Tho nu^ar obtiumal by oxididiii^ iiiiitsiiiliil lyii iiirasi:^ iil 

|)lntiriijrif blaok. It cjan id«o Iw* obtii.inf**l froni tbf 
oontiynoci in irianv mmth, by tbo fiolkni of liiJiitr Hiiijdiniir arid 
aiucose, iil«< wll.'4 

iiiid gm|.a? migiir, raanim in riiany friiiiif* unioinlly 
friiotom?. It in foriiiPil liy tliit tiydrtil)*»i** of *-i., 

Htiireh, ditxiriri and noltwlotw^ of oain* nr of p^iiirmidr^. 

(bmriiordiiHjy m nmdr by ImiliiiK ^tiitob 

|)hiiric iieid. obtainwl, il ia in browiiiij ainf in lln^ inainibir^ 
turn of ptm and fiwinitinoat#i. 

It oijilalliiiCM with flillbiilty anil ia fitiiofi lem liimi r,ii«* 

sugar. It rmlttmm eoppir soliiticiiia mid «mdly bn no m a 0011 * 

_ Ili ooinpoiinda with litfiii and Imry ta. I ',,11 1 / k, f I nii4 
C 4 .iL^ 0 ^;]M)» are in^liibk in al^ikib 

OMtos#, ’Qalacto#* Tal#^ and Idiwean* ittunoi'io All 

Ihofie laxliii are, like tnatiticwti and glm%m% tr roniriiii 

Ihii gronp hJx). 
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The chief heto-hexoses are :— 

Fructose, = CH20H.(CH0H),.C0.CH,0H, also called 

levulose and fruit sugar, occurs in most sweet fruits. It is produced, 
togethei; with an equal amount of glucose, by the hydrolysis of cane 
sugar:— 

+ H,0 = C,,Hi,0„ + 

Dextrose. Levulose. 

Since cane sugar is dextro-rotatory and levulose more Isevo-rota- 
tory than dextrose is dextro-rotatory, the mixture resulting from the 
h^^rolysis of cane sugar rotates the plane of polarisation to the left. 
Hence the name invert sugar which is given to the mixture. Fructose 
is also formed by the action of hot water upon inulin. 

Its constitution has already been given. 

Sorbinose or Sorbose occurs in the berries of the mountain ash, 
probably as sorbitol, C,.H;i 40 ,;. It is a crystalline, very sweet sul> 
stance, turned yellow by alkalies, and capable of reducing copper solu¬ 
tions. It is not fermentable by yeast. 

The Disaccharoses. —These sugars consist of two molecules of 
hexoses united together with the elimination of a molecule of water. 
They, therefore, possess the composition They are 

probably to be regarded as ethers, i.e., the two” hexose groups are 
probably connected together through an atom of oxygen. Cane sugar 
has no reducing power on copper salts and forms no osazone; it, 
therefore, probably contains no aldehyde nor ketone groups. Milk 
sugar and maltose yield these reactions and probably contain the 
aldehyde group—CHO. 

The decomposition of the disaccharoses into hexoses by the 
addition of a molecule of water (hydrolysis) can be brought about by 
the action of unorganised ferments or enzymes, e.g., diastase, ptyalin, 
invertase, or by boiling with water and a little acid. 

* Cana Sugar, Saccharose Saccharobiose, the most 

important sugar, occurs in many plants; in large quantities in the 
sugar-cane, in the maple, in beetroot and in sorghum cane. The 
juice of the sugar-cane (Saccharum efficinarum) contains from 16 to 
18 per cent of its weight of sugar. I3eets contain from 7 to 16 per 
cent. Cane sugar is also present in the juice of unripe maize, in 
many palms, in many roots, e,g,, turnips and mangolds, in the sap of 
the lime and birch, in the nectar of flowers, and, mixed with glucose 
and fructose, in many fruits. 

Commercial sugar is chiefly prepared from the sugar-cane, the 
beet and the sugar maple. The properties of sugar are well known 
and need not be described here. It melts at 160°, and at 190° or 200° 
changes to a brown uncrystallisable substance known as caramel, 
used in colouring. It does not reduce copper salts. Boiled with 
dilute acids or by the action of certain ferments, it is converted into a 
mixture of glucose and levulose {inversion). It combines with lime and 
baryta to form sparingly soluble saccharates, e.g., 
and These substances are decomposed by carbon 
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dicixidi'. n k’-. 1 .r ^ t <1., 

siiptr in IliHUil) ., " < < 

t>c(Mir (!lH«*tly in lii*' liui!-^. 

Milk 5uR*ar, <'; ■'' ' 

Maltose* Malt Sui^iir, MiiItf*Wose i , H <* H ^ * i 

l>3‘ the a,cation o!' iliaslos*- iipiii Hfiyrli. * }ii 

pnidut^iai. is a am-- r.~,i.'.i. ■. . ^ ■ f. : 

irimiiati«ni inuliT l!a* uf s;4->t r-*! i>;. n. 

f*riKynM\ mnliam\ m th** mi* ?n,ut, .;:i «■ -- §♦ 

i‘i*cliif.i*s <'op|«'t‘ HCihiluiiin atal ill nI it- it a- ^ i« 

si'*inhlf*H ll its prohabl)' ill*’ %%hirh -itAi* u At.^ .(ft;|,}<i 

earliohyrlratf's umlf'r^n Innisliiniinai sii 

Tlii* fit.li**r iin* iiiipii laiii , 

Trehalose, t -f *111 iK hiM'* i^mud iuul 

in f*}‘got of ryt\ 

Melihiose is olitsiiiifHl from ili*’ laitiLA. r„ ‘ir, li\4ias 

IvHiH with liihitf moiriH or t***rlinii visihIs. lly I'iuIihI)‘..jh >* .it y\4i« 
lyw'd into eUiecmo iinil \iii\\%vXnHv, M*4iIhoh«* is imX hyli * a 

inaltitHo, in^anliiHi*, tw Jai 4 as«% hiii m hy «*iiinlsiii m hy .m iii<>. 

wiiieli is pri*s*fi}t in hotioiii hn'iinniiatson t! ^ i.M*t m 

top y«*aHts, 

TheTrisaccharosei. Thi.^ only nniiilit’T »4 ^'rmp 

which noni! hi* inciitio!ii*sl is KaffifKise %,vliif:ii ocr-tnn Uj rtt# i*n 4 ni 
oihor* plants. Ity siroii.i' it. is |iyirol)'s«’d intu 

anti ,|4alactiiH«*» whih* woiik acids yield Iriiriosi’ ;in 4 inrliliji-rH.*", |tn« i 
laHf*. converts it int<.i friictrwe and iiielihios^’'IcO « 4 ioil»^n? it 

to HOcroHi* and naliicltme. IliiflinoM* reseiiil'ili*s a tel lias lei 

rf‘diicin|4 |a)Wer.. If rry'slallisf^s in |aisiiiH ilnn'iiedm til« % 

of water. 

It nmy bn ronarded its 

- ** ■- 

The Tetraiacchari»es, *'*** 1 ^ otiiinpir' %ilisrli 

lat i^iveii is Siachyoie. or wdiirli m^m'^ in Shi^ tu 

imrifrra iind in niiiniia. Ily hydrcilyi^is ii ^jiliw iip inti* 
gllictisn and two niolfasiilim of M»hieii.i^n 

The Polyiac^hams^, It Id-* Sltrcli or tiniyliiii!, Tins mh# 
utiincis ii very widfily tlislrihiitisl m iilaiiin mid 4 1114 

t.arbl for the rioiirjiifittiifril of the ^rowaiin jiortiiwis. If exists iti tin Joiin 
erf griiitiiloi* wlibh vary ifrimtly in winl litriti in flilhanii piaiifs 

The iiiireh from mty cine soiireo may slmw eoiisitlriiiiih'* 
in tliif «mf of Its gmniifoi, litil llti*ir form iiiitl g#ni**r 4 l fi|t|P' 4 i»i 4 ?< 1- 
iilw^yn 111# mtm 3 mid msy Im itiadily ritt^rgrn^crl iifidnr ilm 

Of Ihi mniiriiott smmh**s, ilmt from |jotaio«*»% li*t% ilw 
|»tiiiliiii, Vftryiiig from‘07 to d|:| inilliitiifir^^ iii 4rsm*di^, wkm 
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.•Hisiri'li iifiiii In and rice standi from *0075 

li, illl.’ifl iiiilliiiii'ir«* ill di.iiiii'lt'r. 

I'lii' iiiadf Ilfs nl‘ a e.idl wall of nia rrfi rcHiiktHv. and aii 

tiifj-iiiir «.it fjrannh*'M\ Stj iun *4 as tdio C(dl wall is uninjured, 

hUijtIi will uoi div^^olvi* in eoltl \vaU.u% hut liy hruisin^^ tlus ctdd wall, or 
h.-UiT, hy lilt* i^nuudns to Hw<dl U]i an<l hurst, the, contents, 

mainilfSHt-, liitd yiidci with the watcu* a kind of vis(dd solution 

liUrrA ii a-* .'diirr/i 

teiii|M'riiUii'e at: wliieh this swelling up of the. ^nuniile occurs 
uilii dittereiii sfareJa'H; it imually comintnices about 50'”' and is 

ahsHil 7il' i 

Siareh in Iw” fre»» iodine, in the |)rf‘H<uic(^ of water, into a 

hhu'nr vio|p|."C‘rilourf*d suhslance. Starcdi pasU^ is colonrcid deep blue 
|t\ the enifuir' hidii^' d«'epor the l(nv(‘r tluj hunperature ; even 

Ih'Iuw iIm" hoi!iMi 4 -|.oiiit. of vvatfU* the colour disa|.)”pe*,arH entirely, but re- 
;i|ipraiH fjfi eoiiliin/. 11ie hliu* Hulmtancf^ is said to have the composi- 
tioii 'ftI l|l |.ith ^oid the pi-e.Hciice of hydriodic acid or an iodide 
NMid to lie e.HHi'tj!ial fri its foMiiidioud 

Suindi iJiiifeH with tla* allutiine earths to forni definite compounds 
wliich are iii^^iliihle in dilute alcohol. In the case of barium the x)re- 
eipilJile lias the eoiny^oMinm A volumetric method 

III e*' 4 iiiiiitifi |4 4artdi has hemi htmnl upon this re.actiou.‘^ 

Wlieii Htarcd'i is lieali*«t for half a,n hour in glycerine to 190'' it is 
cciiiviited into n^iiiihir niurrh , which can he precipitatiid from aqueous 
stiinl.ioii hy llie itddnioii of fdctohfih Thf^ white ],K)wder ho formed is 
‘^oliihle ill arid iiccfinting to Brcnvu and Morris*^ has a molecu¬ 
lar of ur,, it has the torinnla (f'all j!,()/•, 

Dextrip, ih.— By the action of <Hlute acids in the cold, 

hy lilt* liiiiilc'il fii-lioti of fhiisiaHe {iiie ferment found aliundantly in 
tiialf, rlr.| u|i«iit Htiircii or iiv thi? acUlon of a tein|.)erature ^of 

tihl Iff ^IHth lififiii dry starch, th^xtrifi is pitK'luced, a substance easily 
Mihihle III wither aiid giving no hhic with irKlim! Holutions. ^ ^ 

Aitiyloa'leiclriii, %vitfi the com|tf>sit.ion (H.jjjj(.)j{.1.2(/ary^,0|', ('i.e,, 
teifjHKiiiig I if one grntip of iiiiiltoHi* mid twidvi^of desxtrin), inalto-dextiin, 
II ,d inliuaiiediatf! prcxlucts are ^ tormed. 

llitw e\HiiiiiieiI iiiid ilc’scrihed hy Browni and Morris.' 

I tiimiiieeril dexirsn or ** liritish gumis ohtamed by^ heating 
lo tiftt or higher, or hy miiiHti-niiMg starcli with a mixture of 
uitfir and Indiaieliloiic iicidH aial h«taiing it to .HK) or 125 . It is 
a miiiHiiitiie for glint ryidiie and probably is a complex 


III leiiii.oiiahle gijiti. found iti h<!etrcK>tfi, is aniorphous, 
ns wiiU*i', itiid cull Im* coitv'io'led into dextrose hy boiling wit i 

A/WiMow, irii.itid ill Icidaod is scdiible in hot water, hut sepa- 

i 4U's m is oii ctioiitig, , 

lilycoftii# d JI mmrn in the liver and many other |.)arts of tno 

‘ I Imm, X«it, Ih Vimn, l«»7, .Al»4rat‘K him, 

'I *kf. I I TrWi#*# IVtt ^ !hid* 
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animal, and is present in certain fungi. It is a white powder, having 
a composition (C^;Hjq 05 ) 2 .H_ 0 , and losing its water at 100''. It is. 
soluble in water and gives a red colour with iodine. By the action of 
acids it is converted into dextrose, and diastase converts it into dex¬ 
trin, maltose and dextrose. 

Inulin, (0^0^-02^31)27 (0(jHjo^5)i2 H- 2 H 2 O, occurs in many plants,, 

particularly in tubers of dahlias and Jerusalem artichokes and the- 
roots of dandelion and chicory. It is a white powder, soluble in hot, 
but nearly insoluble in cold water or in alcohol. It is not coloured 
blue by iodine, and by the action of dilute acids is converted into levu- 
lose. According to Brown and Morris,^ its molecular weight is 1980,. 
corresponding to the formula above given. By the action of heat, 
inulin forms substances similar to the dextrins. On hydrolysis it yields, 
fructose. 

Levulin, (C,.HjoOr,),,, occurs associated with inulin in dahlias and 
artichokes. It is also found in immature grain, particularly in rye and. 
in oak bark. It is an amorphous, deliquescent substance, yielding a 
mixture of dextrose and levulose by treatment with acid. 

Triticm is a similar substance found in couch-grass. Other sub¬ 
stances obtained from different sources have been described, but their 
individuality is not very marked. 

Cellulose is the substance which constitutes the main portion of 
the frame-work of plants. It occurs in numerous forms, and in plants, 
is always mixed or combined with other products of growth, from w'hich 
it can usually be separated by taking advantage of its inertness and re¬ 
sistance to most reagents. By treating the plant tissues with chlorine, 
boiling with alkaline solutions, washing, treating with dilute acid, 
w'ater, alcohol and ether, a residue of nearly pure cellulose is usually 
obtained. Its composition coiTesponds to the empiric formula 
Ordinary air-dried specimens alw^ays contain 7 to 9 per cent of hygi'o- 
scopic moisture. It is insoluble in most solvents, but can be obtained 
in solution by means of zinc chloride or ammoniacal copper oxide. 
d he solubility of cellulose in these solutions is taken advantage of in 
the arts, the former being used in the preparation of the “ carbon fila¬ 
ment ” of incandescent electric lamps, and the latter in the manufac¬ 
ture of “ Willesden ” waterproof paper. Cellulose appears to have at 
the same time faint acid and basic properties; it will absorb and retain 
either bases or acids. 

By the action of caustic soda solutions (exceeding 10 per cent. 
Na^O) ordinary cotton fibre (practically cellulose) is converted into a. 
compound which, on treatment with water, is decomposed, a molecule 
of water apparently taking the place of NagO. The properties of the 
fibre are changed considerably, it swells laterally or thickens with a. 
corresponding shrinkage in len^h, its tensile strength is increased, and. 
it possesses greater affinities for dyes. These facts were discovered by 
Mercer many years ago, and cotton fabrics so treated have lately been 
extensively made. They are sold as mercerised cotton If cotton 
be treated with a solution containing. 15 per cent of caustic soda„ 


^ Jour. Chem. Soc., 1889, Trans., 464. 
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s<|ui»c‘Z(h 1, and placed in a bottle with about 40 per cent of its weight, 
of carbon disidphichj, (JSo, a substance is produced after three or four 
hours which will dissolve in water on standing. This cellulose thio- 

carbonatt*., sx)ontaneously decomposes, especially in 

contact with a large amount of water, giving a jelly or coagulum. 
Heating also effects the coagulation. This product lends itself to 
many usc'ful a])plications and is ernployetl commercially under the 
name of Viscose 

liy th(* action of nitric acid, or bettcir, a mixture of nitric and sul¬ 
phuric acids, cellulosei is convcjrted into various nitro-derivatives or 
nitratf‘S, some of which are of great value in the arts. 

(hin-cutton is chiediy cellulose hexa-nitrate, (noHj^(N 03 )( 504 , and ia 
valued for its explosive properties. ryr(}xylin or collodion is mainly 
tetrauiitrate, < penta-nitrate, fThese 

substances ai'e "soluble in ether and alcohol and are then known a& 
collodion. This is (un])loyt?d in surgery and ].)hotography, also in the 
manufacturt*. of celluloid, which is a mixture of nitrocellulose and 
camphor. 

Ihurhvwnt •})((,pex is ol)tained by immersing ordinary unsized paper 
in sulphuric acid amd then washing it with water. It closely resembles 
lru(‘ parchment in stnmgth and apparently has the outer part of its 
ctfdliiloHf* altf*n*.d into a substance known as amyloid. A similar change 
Is produced by zinc chloride solution, and since amyloid is, like starch, 
coloured hhii* by iodines, a solution of iodine in concentrated zinc 
chloride fornm a useful r(*.ag(mt for tb^ identification of cellulose. 

By tlie action of sulphuric acid cellulosci is eventually converted into 
dextrin iind dextrose. 

Oums, are very widely distrihutcal in plants. They are 

lunorphoiiHand eitliej' dissolve in water or absorb it and swell up when 
immerHed in it. They an*, not coloured Iry iodine, and by boiling with 
diiiite adds they yifdci sugars, ofteti arahhiosci or xylose. 

Home of the substances are eniploy(«l in the arts, o.cj., gum arabic, 
tlie exudation from the hark of several Hja‘.cieH of acacia. This substance 
contains :i or 4 per cent of ash (inainly lime), and as its principal constit- 
II iit, iiriihin or araliic acid, a white solid solulile in water, of highly com¬ 
plex eoiiHtituiion or Very similar bodies are 

tfiimii in nearly all vegetal>le tissue. Wood gutn, the name given to the 
Hiilmiaiief occurring in w<Kxl, tlie straw of cereals,is a substance m 
lliiH cliiHH, By iHiiling with dilute acids or alkalies, some gums yield 
|ii'UiioHf! Hiigars—iiraliiriose xylose, or lyxosci, 0r,H|(jO5. They, therefore, 
hdoiig to tile cdiisHof liodies for which the name pentosan has been pro- 
iiOHctl, of thf! compoHition (CUl/IJ,,. It appe^arsthat the ettect of 
ticMling amliiti wiili dilute acicl is to add gradually the elements of water 
find to ciiiiwi tlm splitting otT of a sugar molecule, leaving a residue 
known iw jiriihiriosic acid, which, by further boiling, loses another sugar 
giving a lower acid-^-Zi^-arahinosic acid~and so on, until 
firiiitiy an iicitl of the formula left. 

^ O’Stiillvati. Jour. Chein, Hoc., 1882, 41. 
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X. 


+ H,0 = -h ; 

finally H- 13H,0 - 

Some gums, on boiling with dilute sulphuric acid, yield not only 
arabinose or xylose, as above, but galactose, as their main 

product. Hence gum is a name which includes both i)ento8Cijns and 
ksxosans [i.e., polysaccharoses, which yield pentose and hexose 
sugars). 

The total amount of the pentosans present in various plants has been 
determined by Tollens, Chalmot, Gunther, Stone, and others. The 
following table gives some of their results :— 


Cherry gum 

Gujil tragacauth 

Per cent. 

.52 to 59 

. 32 „ 38 

Gum arable 

. 26 „ 28 

Wheat bran 

. 22 „ 25 

Meadow hay 

. 16 „ 18 

Clover hay 

.8 „ 10 

Pea straw 

...... 15 „ 17 

Oat straw 

. 16 „ 20 

Wheat straw 

. 26 „ 27 

Barley straw 

. 22 „ 25 

Rye straw 

.22 25 

Brewers* grains (dry) 

. 27 „ 31 

Maize bran 

. 38 „ 43 

Jute fibre 

. 18 „ 15 

. 60 „ 92 

Wood gums (various) 

Humus . ... 

.1*5 „ 4 

Wheat (grain) . 

.4 „ 5 

.about 5 

Maize .... 


By prolonged boiling with hydrochloric acid, pentosans yield fur- 
furol (furfuraldehyde) by the removal of water from the pentoses first 


formed:— 

0=:.C—H 

1 


H— 0— OH 

0=0—H 

1 

HO—C—H 

I 

4- 3Hp 

II II 

HO—C—H 

j 

OH CH 

CH,OH 


Arabinose. 

Furfural. 


By collecting the distillate and causing the furfural to combine 
with phloroglucinol, a solid body which can be weighed is obtained. 
The red coloration formed when a pentose is heated with a solution 
of phloroglucinol in strong hydrochloric acid is often used as a test for 
the presence of a pentose. 

The Carbohydrate Alcohols. 

Erythritol, 04 Hfj( 0 H} 4 , occurs in algae and mosses. It has a 
sweet taste, melts at 126'’ and is optically inactive. 

Adonitol, OgHT-fOHjg, occurs in certain plant saps, exj., in Adonu 
mrnalis, and can be obtained by the reduction of ribose. Similar 
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swcftt suhstaiiccs, ariibitol and xylitol, can loe obtained by the re¬ 
duction of _arabinose and xylose respectively, but do not occur naturalh^ 
Mannitoi, (^,11.^(011),;, occurs in many plants, notably in the 
iihinna asii, I hli iil'Us odi'IiHj in celery and. in fungi. It melts at 168° 
find is (b^xtro-rotatory. It can be prepared by reducing mannose with 
sodunn ainalgam. 


Dulcitol, an isomeric substance, also occurring in plants is onti 
(•ally inactive and melts at 188°. It can be prepared by the reduction 

of galactose. 


Sorbitol, a third isoiiier, occurs in the berries of the mountain 
ash, SorbHH ancwpcvria, and in the sap of many trees. It melts at 
UO' and, on oxidation, yields sorbose. 

Inositol or inmite, occurs in various isomerici forms in 

many plants. In rice bran atul in wheat bran it occurs as inositol 
phoH|)horic acid, (d^.H^ifll^/PO^),., or phytic acid. 

The Kuhstance itself*'is crystalline, melts about 225° and does not 
r«'ducaj Fehling’s solution. 

When evatxirateid with nitric acid, then again evaporated with am- 
nioniacal calcium chloride, it gives a rose-red coloration. This reac¬ 
tion is very delicate.^ 

According to liather,^ wheat and other cereals contain inositol 
pentaphosj)horic acid, CV,H,.( 0 H)(IIoP 04 )^,. 

Ferseitol, occurs in the Avocado pear, Fersea gratis- 

Himi, is hevo-rotatory and melts at 180°. It corresponds to the sugar, 
manno-hi,^ptOHe, j,/);. 

Volemitol, an isorneridei of pei’seitol, melting at 154° and dextro¬ 
rotatory, occurs in Lckiarms ralamns and in the rhizomes of certain 

The Furfuroids.—’Py this name Cross and Bevan ^ refer to the 
HUbstfinces present in cereal straw, jute fi})re and other vegetable 
|irocluctH, which, wlum sulijticted to acid hydrolysis, give furfuralde- 
liyde. The tc*rni includes tlie pentoses and pentosans proper, but also 
aiioihiu’ group of bodies pentose derivatives—to which the authors, 
just c|iiotecl ascribe the constitution— 




\CH., 

\q/ ' 


OH, 


wliicit IB probably 


/\ 

O O 


am . CliOII GHOH. CH.CH.. 

Tlies^' faalieH capalde of fermentation with yeast, yielding 
alcohol; in ihiH ntHpctcfc they differ from the pentoses, which are 
apparffiitly iiiciipahh! of true alcoholic fermentation, though under 
eeiiaiii coiiditJoim the.y appear to be assimilated by the yeast plant 

and to Imi destroyed. 


’ A'iierer, Aim., iHiH), Mt, '^lour. Amer. Ohem. 8oc., 1918, 523. 

C'litiiii. See., IHflU, Trann., H04, lfK)4; 1897, Trans., 1001. 
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X. 


It is probable that the pure pentoses and pentosans are not digest¬ 
ible (Ebstein), while these ‘"furfuroid” bodies of the type just de¬ 
scribed appear to be sod From these results it seems that the plan 
generally employed of determining the “total pentoses and pento¬ 
sans” by distillation with dilute hydrochloric acid and precipitation 
of the furfuraldehyde as osazone gives numbers which include these 
furfuroid substances described above and which probably possess 
.greater value as food stuffs than the pentoses and pentosans. 

Lignose or Lignone (Cross and Sevan).—Lignification is the con¬ 
version of cellulose into woody fibre in the plant, a change which 
greatly alters the physical properties of the materials. According to 
Gross and Bevan, this change is accompanied by a chemical change 
which may be empirically represented as loss of water— 

2 C,H,o 05 = + H,0. 

Cellulose. Ligno-cellulose. 

The ligno-cellulose, however, is, like cellulose, a highly complex sub¬ 
stance, and probably consists of a compound of cellulose proper with 
lignone, an unsaturated substance containing ketone and aldehyde 
groups. 

Ligno-cellulose, therefore, gives furfuraldehyde on treatment with 
boiling hydrochloric acid and consequently probably contains either 
pentosans or, more likely, furfuroids. 

The ligno-celluloses are probably partially digested by the herbi- 
vora, and it is probable that the hippuric acid so characteristic of the 
urine of these animals is derived from the digested ligno-cellulose of 
their food. According to Cross and Bevan the process of lignifica- 
tion in a plant is characterised by the formation of groups of the 
form— 

.CH - OK 

or C.HgO, 

(OH), (OH), 

These groups remain in combination with the original cellulose as 
ligno-cellulose. 

The same authors hold that the cellulose of cereal-straws, esparto 
grass, etc,, is not normal cellulose, but oxy-cellulose. These sub¬ 
stances contain more oxygen than cellulose, and probably CO gi’oups. 
They yield furfural on treatment with hydrochloric acid and give a 
•characteristic rose-red colour on treatment with solutions of aniline 
salts. The name hemi-cellulose has been proposed for another class 
•of cellulose, which occurs in many plants and which differs from 
ordinary cotton cellulose in being much more readily hydrolysed both 
by acids and by enzymes. 

Pectin Substances. —This is the name given to the coagulable 
substances present in many fruit juices, stems, roots, etc. They are 
generally said to contain more oxygen in proportion to hydrogen than 

^Cross, Bevan. and Smith, Jour. Ohem. Soc., 1897, Trans., 1008 ; also Cross, 
Bevan and Remington, Jour. Soo. Ohem. Ind., 1900, 307. 

2 Cellulose, 1895, p. 77. 
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is present in a true carbohydrate,ibut, according to Tromp de Haas and 
Tollens,^ who analysed specimens of pectin derived from apples, cherries, 
rhubarb, currants, plums and swedes, the ratio of oxygen to hydrogen 
does not differ materially from the number (8 :1) observed in true 
•carbohydrates. The percentage of carbon varies from 41 to 45 per 
cent. Pectins by hydrolysis yield pentoses and hexoses. Tollens re¬ 
gards them as consisting of carbohydrates in union with acids. Ac¬ 
cording to recent investigations pectins contain methyl groups and on 
hydrolysis yield methyl alcohol as well as pentoses.^ 

Pectose is the parent member of the group; it occurs associated, 
or perhaps combined, with the cellulose as ])eGto-celhtlose, and is in¬ 
soluble. It is particularly abundant in unripe fruits. 

Pectin, a product of the hydrolysis of pectose, is soluble in water 
and yields solutions which readily gelatinise. It is produced during 
the ripening of fruits, etc., hydrolysis being brought about either by 
the vegetable acids present or by an enzyme known as 2 )ectasG. 

By further hydrolysis, effected by boiling water or alkalies, meta- 
pectin, ])a)'a 2 )ectic acid and pectic acid, are produced. The exact com¬ 
position of these substances- has not been determined, as recent work 
has not corroborated the analyses of the earlier investigators. 

The Qlucosides are compounds which, on hydrolysis with acids 
or enzymes, yield glucose and one or more other products. They are 
glucose ethers of alcohols, phenols, acids, etc., and have the general 
formula:— 


E—0—CH 

I 

HCOH 


H(ioH 

GH,OH 

where E is an organic radicle. 

Glucosides are widely distributed in plants, where they are gener¬ 
ally accompanied by the enzymes which are capable of hydrolysing 
them ; generally, however, the glucoside and the enzyme are contained 
in different cells and interaction only occurs when the plant tissue is 
mechanically injured. 

A large number of glucosides have been found in various plant 
tissues, from which water or alcohol will usually extract them. 

As examples, those on the following page may be men¬ 
tioned :— 

■I Amialen, 1895, 28G, 278. 

— Von Fellenberg, Biochem. Zeitsch., 1918, 523; J.O.S., 1918., abstract, 
i- 215. 
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CHEMICAL NATUllE OF EATS. 


Satukated Acids. 


(u) .Ire 

M) 


It: or Hiearic acM General formula = C H rnn-cr 


.\c.;tie acid, CII,,.COOH, 
Butyric acid, C.'JL.GOOH, 
Caiiric acid, 0„H|,,‘.C00H, 
lauiric acid, ,.00011, 

Myristic acid, 0,,,ft...G00H, 

Palmitic acid, G„,H,,|.GOOH, 
Stearic acid, 0,-11.,,,!COOH, 


Unsatueated Acids. 


butter. 

butter and in cocoa- 
nut oil. 

cocoanut oil and in 
spermaceti, 
palm oil, butter, 
tallow and many oils. 


m 

(y) 


Olp.ic arid xe.rum. —General formula = C„H2„_j.C00II:_ 

(Ij Grotonic acid, G;,H,,.000H, occurs in croton oil. 


(2) Oleic acid, G, JI,.,.GOOII, 


olive and other 

CJ) Biussic acid, G._,iH,„.000H, „ rape or colza oil 

(4) Riciiioleic acid, G| 7 H.,„(OH).GOOH, „ castor oil. 

Lintilpu: acid iir.rm. —General formula = G„H 2 „_.,.j.GOOH :~ 

(Ij Linoleic acid, G,Jr.„.G00H, occurs in linseed and other “dry 

oiln. ^ 


Pruphlk add General formula = C,,H2„_.r.C00H:_ 

|1| I iniolernc acid^ C./jwH2i)*G00I£, occurs in, linseed, and otliei’ dry* 
inuoils. ^ 


_ The eHH(*iitial difference between the saturated and unsaturated fatty 
atsidH liijH in their Bunceptiiiility to the action of external agencies. The 
mturiiti‘cl compounds have no power to combine additively with oxygen, 
chlorine, etc,, while* the unsaturated compounds, in many instances' 
eiiwily unite with these (»lements. The readiness with which the un- 
siitiiriiti*cl fatty acids absorb oxygen and the amount which they can 
iiliHorb, both incriuise with the number of doubly linked carbon atoms 
eoiifaiiied in a rnoiecule. Thus linolenic acid, Ci^HgQ.COOH, oxidises 
more riiwlily and to a greater extent than oleic acid, As 

lilt* oxiiliition pitHluctH are solid or stiff, viscid substances, oils contain-' 
iiig ifiticdi of tliese uriHaturated acids are known as drying oils, whilst oils 
efiiitaiiiing chiefly saturated fatty acids or acids containing only one pair 
of tifiiibly linked carbon atoms, oleic acid, are known as non-drying 
oiln. Till! forrner are used in the arts in the manufacture of oil-cloth, 
liiicilfUiiii arid |miiits, the latter for lubrication. 


Cflyeeryl, » —■•GHjjX)H.CH2-~-'is not known in the free state, 

iiiif its liydVoxicle, is the well-known substance glycerine, or, 

liH ii k «y?iteiiiifetic»lly called, glycerol. 

(Ilycerol, C !,jf is a colourless, viscid liquid of sweetish taste. 

It bus II H{K?c?ific gravity of 1*27 and mixes with water in all proportions. 
If H liygromiopic, and iwticles smeared with glycerine are kept moist, 
Imlli breiiiHff of its non-volatility and also because it absorbs water 
ficiiii the liir. 
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THE CHEMICAL CONSTITUENTS OF PLANTS. 


X. 


Grlycerol is made from oils or fats by a process which shows clearly 
the constitution of these substances. 

The oil or fat is boiled with caustic soda solution, when decomposi¬ 
tion occurs, the sodium of the alkali taking the place of the glyceryl 
group, the latter uniting with the —OH of the sodium hydrate. A 
sodium salt of the fatty acid and glycerol are thus produced, and being 
soluble, remain mixed in solution. In order to separate them the 
sodium salts are precipitated by the addition of common salt, in a 
solution of which they are insoluble. The sodium salts rise to the 
surface and, on cooling, form a solid cake, constituting soap. 

From the solution below, the glycerine can be recovered by evapora¬ 
tion and distillation in vacuo. Taking olive oil, which consists mainly 
of glyceryl oleate, as example, the reaction may be 

thus expressed:— 

+ 3NaOH = 3NaC,sH3P2 + C,H,(OH), 

Glyceryl oleate. Sodium hydrate. Sodium oleate. Glycerol. 

Glycerine is also prepared by the hydrolysis of fats by means of 
superheated steam. Again taking olive oil as example, the reaction 
would be— 

C,H,(CisH330,)3 + SB.,0 = 3 HC 18 H 33 O 3 + C3H,(0H)3 

Glyceryl oleate. Water. Oleic acid. Glycerol. 

Although in the above example olive oil has been assumed to be 
glyceryl oleate, it must be clearly understood that this is not true and 
that all the oils are mixtures of the glyceryl salts of several fatty acids. 
Thus in linseed oil, glyceryl compounds of linolenic and isolinolenic, 
linoleic, oleic, stearic and palmitic acids have been found. It is not 
definitely known whether, in the oils, these substances are mixed or 
whether they are chemically combined, e.g., whether, say, the first three 
compounds are present as such, i.e., as— 


CJaIi5(^18^29^2)3» ^3^5(^18^31^2)3> ^3^6(^18^33®2)3» 


or whether they may be present as 


^ 18 ^ 29 ^ 

C18H31O 




2 

2 

2 


In plants, the oils are chiefly found in the seed or fruit, though 
small quantities are contained in the straw and roots. Some seeds 
are valued chiefly for the oil which they yield, e.g., rape, cotton-seed, 
linseed, castor. There are three chief methods employed in the ex¬ 
traction of oil:— 

1. Pressure; the most generally employed. 

2. Extraction by volatile solvents. 

3. Boiling the bruised seed or fruit with water. 

1. By pressure .—^By this method the seeds are cleaned, often de¬ 
prived of their husks or shells (“ decorticated ”), crushed and ground, 
often heated and moistened, and then subjected to intense pressure in 
hydraulic presses. The crushed seeds are placed either in horsehair 
bags or in moulds and are pressed, first at the ordinary temperature, 
whereby “ cold drawn oiP’ is obtained, and then after heating, ‘^hol 
drawn oil ” is extracted. The oil obtained is refined by heating it to a 
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temperature of about 160° C., in order to coagulate albuminoid matter, 
and sometimes by treatment with a little sulphuric acid. The residue 
left in the press constitutes oil-cake and usually contains from 6 to 
15 per cent of oil. 

It is used for feeding or manurial purposes, since, in addition to the 
oil, it contains the albuminoid and mineral matter present in the seed. 

2. In extractio7i by solvents the crushed seeds (in bags or cages) 
are treated with solvents, such as petroleum naphtha or carbon disul¬ 
phide, in such a way that the fresh seeds are treated first with the 
solvent already highly charged with oil, while the fresh solvent comes 
first into contact with the seeds, which are almost deprived of oil. In 
this way, a much more complete exhaustion of the seed is obtained, 
leaving a residue almost devoid of oil, and therefore of much less value 
as a feeding stuff than the usual oil-cake. 

3. Extraction by boiling with water is sometimes used in the ex¬ 
traction of castor oil (mainly by the natives of the countries where the 
seed is grown) and of olive oil. The oil in such cases is merely skimmed 
off the top of the water. 

The Waxes are substances probably occurring in small quantities 
in many plants. They are generally analogous to the fats in composi¬ 
tion, except that instead of the trivalent glyceryl group they contain 
monovalent groups; they therefore yield monovalent alcohols on 
treatment with alkalies. The alcohols obtained in this way are usu¬ 
ally complex bodies containing a large number of carbon atoms, e.g., 
ceryl alcohol, 037115^.0 (?). The waxes are solids melting below 100°, 
non-volatile, and insoluble in water, but soluble in ether. 

Possessing a structure in some respects similar to the fats is a sub¬ 
stance, Lecithin, found in many seeds, e.g., beans and peas, and in 
fungi. This substance, of which probably several varieties occur, has 
a constitution which may be typified by the following formula :— 

[hpO,.C3H,(OH).N(CH3), 

—which may be regarded as the distearyl glycerophosphate of the 
base, choline, C^H 4 (OH).N(CH 3 ),.OH. 

Phytosterolj or which closely resembles 

cholesterol found in animals, occurs in the seeds of peas, beans and 
almonds, in wheat and maize, and^ in many vegetable oils. It is a 
solid crystalline substance, melting *at 133° and soluble in hot alcohol, 
in ether, carbon disulphide, or chloroform. It is volatile. Its constitu¬ 
tion is not understood, but it is probably a monacid alcohol. It is said 
to occur in certain peaty soils.^ 

III.—THE OEG-ANIC ACIDS AND THEIR SALTS. 

A large number of organic acids have been detected in various 
vegetable products, occurring generally as potassium, sodium, or 


^ Schreiner and Shorey, Chem. News, 1912, 40. 
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calcium salts, though sometimes in the; irt*!*. state,* cir in t’oiiibiiiaiiMii 
■with organic bases. Numerous acids have detected in 

vegetables ; only a few typical ones can l)o eoimidi'refi !ier«c 1 lie 
organic acids are characterised by containing one or more 
groups, .COOH. 

The following may be taken as examples - 

Formic acid, HXIOOIL 
Oxalic acid, COOH.COOH. 

Tartaric acid, mmxmmiUmOB)XX)(nL 
Malic acid, COOHXnif()H).(!li.(X)()ii. 

Citric acid, GH.(C00H)X]{01I)(XX)()lf)idIiCX)C)II^^^ 

Succinic acid, CH4(]OOH).(]Fid(X)()ll). 

Fumaric acid, CH^COOHj:CH(t:()Oil). 

For the properties, methods of prepaiiition, and cionHiiiiitiiin of 
these acids, the reader m referred to any modern teitlK>ok cm firgiutie 
chemistry. The free acids themselves often occur in plfiiitn, piirticii- 
larly in fruits, e,(j,, malic acid, occurring in appli.^, iiioiiiiiiiiioiwli 
berries, gooseberries, red currants, biackberrieH and fcair or iiictrclia 
cherries. 

In other cases, acid potassium or calcium saltH arc cjitinpuf 
the acidity, e,g., potassium hydrogen tartrate in gra|M»H. iicid pcitaH4iitii 
malate in sweet cherries. In many fruits Hcvmui organic, iicifh or 
their salts occur in association, a.f/., goOHcfauTicH, ciirranf^^^ and 
cherries contain both malic and citric acids, while itioitiilaiioaBti 
berries and tamarinds contain malic, citric and tartaric*. iiddB. 

Oxalates of potassium and, particularly, of calciiiiii 
widely distributed in the vegetable kingdom, the latter m'lUiriiiig 
in the solid, crystalline state in the cells of plants. The crynialn nf 
the calcium salt have the composition iiiiii an* Hidiihli* iit 

saccharine solutions. Acid potassium oxafates, KIK!| 0 | ai«l 1%I U j 
4 - H 2 C 2 O 4 , occur in solution in the sap of ofutaln pliitils, 
rhubarb. 

Tannic acid or tannin is very abundantly dwtriliiiicd in iJic 
table kingdom. It varies in composition and pro|icrfciri 4 iicconliiig hi- 

its origin. 

Tannin was formerly looked u|>on m a glucosiclc, htit l!ic tiiiiiiic 
acid, its chief constituent, was looked upon m mt iMiliyilriMiciild 
Gallo-tannic acid, for example, is said to liavis tlic cofiHiiliitiiiii 
G,H,(OH) 3 .CO.O.CeH«(OH),.GpOH. 

it is hydrolysed by dilute acids or by fcmiiints, with iIm! pitiiliio 
tion of gallic acid, OeBC 2 (OH)j^.COOH. 

The natural tannins, however, are usually a»oettik*d or cpiiihitif*ii 
with glucose, and, on. hydrolysis, yield gluao«! In wliiitioii to giillie 
acid. Fischer and Freudenbergregard tannin, not m a gliicciwkle, 
but as a pentacid derivative of glucose, resulting from %hm eoiii- 
bination of 1 molecule of glucose with 5 molecules of digallio acid 
0eH,(C„H,O3),Oe = 

^ScMff, Ann., 170, 48 

‘^Fer. 1912, 45, 915; Jour. Ohem. ltl,% Akslnutte, I, 471* 
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Tannin is present in almost all plants, occurring in the bark, 
leaves, root, or fruit. Its origin and function in the plant are much- 
debated questions. By some investigators it is thought to be formed 
by chlorophyll from carbon dioxide and water, and, in many ways, to 
resemble starch in its relationship to the plant. The tannins possess 
a strongly astringent taste, give intense blue- or green-black colours with 
ferric chloride solution, and possess the power of converting gelatin 
into an insoluble substance (leather). .They tend to absorb oxygen, 
especially in presence of alkalies, giving a dark brown coloration. 

The nature of the acids present in the root hairs of plants does 
not appear to have been much investigated. Probably a number of 
acids are present in most cases, the predominating one varying with 
the species of plant. Dyer ^ has investigated the amount of acidity of 
the liquid contained in the root hairs of a large number of plants. 
He expresses his results in terms of hydrogen and in the equivalent 
of citric acid. He found, as is to be expected, considerable variations, 
but the average of about 100 different plants gave— 

As hydrogen.0*013 per 100 of water. 

As citric acid.0*910 ,, ,, 

IV.—ESSENTIAL OILS AND EESINS. 

These are excretions or secretions of plants, sometimes normal, 
sometimes as the result of injury or disease. To them the character¬ 
istic odours of certain plants are due. 

The essential oils and resins often occur associated in the plant, 
and the latter may be regarded as products of oxidation of the former. 

They are present in various parts of the .plant, sometimes being 
distributed over all portions, as in many coniferous trees, while in 
many cases they are confined to particular organs, e.y., the petals of 
the flowers, the rind of the fruit, the bark, or the roots. Their 
function is difficult to understand. When present in the flower, they 
may serve as an attraction to insects and thus favour cross fertilisa¬ 
tion. When present in the leaves or twigs they may serve to render 
the tissues unpalatable to animals and thus protect the plant from 
injuries by grazing animals or parasitic insects. 

The oils can be extracted from the vegetable tissues in several 
ways, all of which may be classed as belonging to three principal 
types: 1. Expression. 2. Distillation. 3. Extraction with a solvent. 

The essential oils are, as a rule, very slightly soluble in water, but 
sufliciently so to impart to the water a strong odour. They are 
generally readily soluble in or miscible with ether, chloroform and 
most organic solvents*. 

The density is usually less than that of water, though some are 
heavier than that liquid. Most of them are optically active, and have 
a high refractive power. Chemically they show great variation. As 
a rule, the essential oil derived from any one source is a mixture of 
several compounds and the relative proportions of the constituents are 
liable to considerable variation. 

^ Tour. Chem. Soc., 1894, Trans., 115. 
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In the eRKential oils, many chfjniical cornpouncls of vor\ 
constitution have detected. 

Th(‘y may be divided into the. follovvini^^ |.(rou|iH: 

1. Terpenes. 

2. (lamphors. 

H, Benzene d(‘.rivativeK. 

4. Aliphatic or 0 ])en chain conijKiundH. 

The cluiinistry of thcj essential oils is, hovvf*ver, too coriipIieuO'd to 
allow of anything hut tlie merc^st sketch being given here, 

I. Ter p'enes.—These are tin* most ahimdant cormtittieritH in iiiiiiiy 
essential oils. The.y are, with tin* exct*])tion of cainphen(‘, voiatil** 

of the empiric formula Many isomei'ic bodies of lliin 

])OHition (^xist, differing greatly in odour, density, optical aelivi!) afid 
other properties. Horm* of thf^ l)est known are 

Pinmv; which occurs as a dextro-rotatory form in Atneric'Jin liii jieie 
tine and as a hevo-rotatory body in Fr<,mch turpentine. Ii>* ‘-|i*'eific5 
gravity is about ()'H5 and it boils about 155' . Its prolaible er»iiHt.iliitioii 
is thought to he— 

ii ...cir. 


HO OH., (:il 

IL,C—o/” 

IW ‘ I CIL 

Im 


f/munmie is a large constituent of many «5H8f*niiaI tain. Ii rMXiiw 
as dextro-lirnoneno in oils of orange, lemon, bergatnot, dill, iiiid 
as bewo-Iirnoneruj in Russian j>ti|,)|,M*rmirit oil and oils of certain iiiiies* 
Its Hpecific gravity is alxait 0*844, it boils at 177" to IHH" riii«t bas a 
rotation of al:>out + 105". An inactive* form is known iis dipi*iiterw*. 
Its probable constitution is— 

HO OH^ 


H^o 


CH- 


41 


€H.^ 

/ 

-41H, 


SylveMrem occurs in Swedish and Kussiari tiir|jetitiiies iiiid In 
other pine oils. It boils at 176" to 177^ has a specific griivily of 
and is dextro-rotatory. It is probably— 


CH 

/\ 

H4i C(CHg) 

I I 

H/) CH, CH, 
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Fhdlandrene occurs in many eucalyptus oils, oil of elemi, and of 
fennel. Two isomers are said to exist, which have been named a and 
/?, and two optical isomers of a-phellandrene are known. They all 
boil at 170'" and have a specific gravity of about 0-848. Their constitu¬ 
tion is probably— 


C—CH 3 
/"X 

HC CH 

I il 

H.,C CH CH.J 

■\/ / 

CH - CH 

\ 

CH3 

a-phelJandrene. 


C=CH, 

/\ 

H..C CH 

■ I II 

H.,G CH CH 3 

^ \/ / 

CH - CH 
. \. 
CH, 

/8-phellandrene. 


Sesquiterpenes.—These are bodies of the empiric composition 
C 15 H. 24 ; many are known but their constitutions have not been thor¬ 
oughly made out. They are liquids, boiling about 250° to 269°, and 
of specific gravity about 0*90 to 0*936. Cadinene, found in oils of cade, 
patchouli, eto .; Caryophyllene, from oil of cloves; Cedrene, from oil 
of cedar-wood ; Humtdene, in oil of hops; Santaleyie, in oil of santal 
wood, and Zingiherene, in oil of ginger, are examples of sesquiter¬ 
penes. 

Olefiaic Terpenes and Sesquiterpenes.—A few compounds, re¬ 
sembling the terpenes and sesquiterpenes, have been isolated from 
essential oils, but differ essentially in having an open chain structure. 
As an example, myrcene, found in oils of bay and sassafras, may be 
cited. This has a specific gravity of 0*81 and rapidly oxidises by 
exposure to air. 

It probably has the constitution— 

CH, CH.> 

\ ir • 

C=CH—CH,—CH,—C—CH= CH, 

/ 

CH, 

2. The Camphor*.—These may be regarded as the oxidation pro¬ 
ducts of the terpenes. They may be divided into alcohols and ketones. 
As types of the former, horneol and terjoineol, both of which have the 
composition CiyH^yOH and menthol, C^qHjqOH, may be cited, while 
Gam])hor, C^oHj^.O, and menthone, CjoH;^gO, may serve as examples of 
the ketones. 

Borneol occurs in Borneo camphor and can be obtained as crystals 
which melt at 203° and boil at 212°. It can be obtained from cam¬ 
phor by reduction with sodium and, conversely, by oxidation yields 
camphor. 

Terjnneol occurs in several isomeric forms and has been found in 
oil of cardamons, etc. 
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MeniJiol oceui-H in oil of popponnint. It merits at 4»l , boils iit 212' 
and has a specific fjjravity of O’BO. 

These alcohols form esters with organic acids, and their ai'f‘ta.teH, 
in particular, often occm- in nature. 

Gam])Iwr oc,(^im in the wood of LaiiraH vamphara. It is jt cfiloiir" 
less crystalline su})stance, soluble in alcoliol, nndtitig at I7o and IkiiI- 
ing at 204'’". It has a rotation of ± 44"'. Its constitution lias hi*eii 
the subject of much investigation and has been proved by Bred! ^ iiiid 
Aschan to be as follows 

II 

OH.-C —^ CH. 

I I ■ 

CH,—O-CJII-j 

■ I 

OH.- -C CO 

“ 1 

cir, 

showing it to he a ketone. Borneol is the correH|K:>nding alcohol 

3. Benzene Derivatives.™A hydromrbim, para-iiK?th)d iH<#prri}iyl 
ben 2 :erie, known as cyrnene, G,}H 4 (CHy)(C.jII-), occurs in lioiiian ciirii- 
way oil. 

Many phenols and phenolic ethers occur in esmintial oils, iiiiiorig 
which the most important are-— 

Engemd, allyl oxymethyl hydroxybenzene, (5,|II.|(( ’yllofC)(4 f JC >H, 
found in oils of cloves, allspice, hay and cinnamon, a lif|ui«l of sjn^cific 
gravity 1-07, boiling at 247^^; 

Safrol, allyl dioxymethylene benzene, (4jIIjj(Gj|II^d404dH.,ilj, cxjciir- 
ring in oils of camphor and sassafras; 

Apiol, dimethoxydioxymethyltme allyl iHinzem*, CvJI(OGII|).|: 
(O.Gil 5 j.O),(G.jH 5 ), found in parsley and dill oils; 

Thynwl and carvacrol^ methyl isopropyl hydimylMiiizciie, 
G^Hj,(GHa)(C.jH 7 )OH, occurring in thyme oil The forrner Is ii 
solid, melting at 44" and lK>iling at 23D‘7 the latter a thick oil iioilltig 
at 236". 

Of aldehydes of benzene derivatives the following occiir tiiil- 
urally:™ 

Benzaldehyde, G^Hf^COH, is the chief cotistitiient of the oik of 
bitter almonds, peach and plum kernels, and of other menikfrH of tlir! 
prunm hmily. Its specific gravity is 1*05 and it at 17111 

Salkyl aldehyde, C<,H 4 (OH)(fX)H), an oily lk|wid of hfn^tfilic 
gravity 1*172, boiling at 196^ occurs in oil of Bpirm% find in ollif^r 
oils. 

Anisic aldehyde, C^H 4 (OOH 3 )(COH), occurs In oik of fitilwi aitil 
fennel. It boils at 248®. 

Cinmmic aldehyde, C^H^(CII;CH.COH), is the chief coiistitiiriil 
of oils of cassia and cinnamon. It boils at 247®. 

A ketone, carvone (or earvol), mmm in oik of carawfty 

FAnn., 3S9,15; lour. Oliem. Boo*, Ab»t«ctfi, 1.141. 

Ann.. 816,196; Jour. Ghem. Soo., 1901, Absfcmeti, I 477. 
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and dill. It is isomeric with carvacroL It boils at 225° and has a 
specific gravity of O’962. Its constitution is probably— 

C.CH3 

/\ 

HC CO 

I I 

HC CH^ 

\/ 

CAH,- 

Acids derived from benzene occurring in essential oils, chiefly in 
■the form of esters, are benzoic acid, C^jHrjCOOH; salicylic acid, 
<OH)(COOH); and cinnamic acid, CeHs.CHrCH.COOH. Methyl 
•salicylate^ C( 5 li 4 (OII)COOCHjj, boiling at 226° and of specific gravity 
1*20, is the main constituent of the oils of winter-green and birch. 

4. Aliphatic or Open Chain Compounds. —A large number of 
<iompounds falling under this heading have been found in various es¬ 
sential oils. Foremost among these may be placed geraniol, 
which is probably—(CH 3 ) 2 C:CH.CH..CH,C.(CH 3 ):CH.CH 20 H, linalol, 
-an isomeric body, probably— 

CH3.C(CH3):CH.CH2.GH2.C(CH3)(0H).CH:CH^ 

and nerol, another isomer, probably— 

CH3.C.CHo.CH2.CH:C(CH3)2 

II 

HC.CH^OH 

the stereoisomer of geraniol. 

These three bodies are alcohols; derived from them are the alde¬ 
hydes— OL-citral (geranial or geranaldehyde)— 

CH3.C.CH,.CH2.CH:C(CH3)2 

II 

OHC.C.H 

and jS-citral (neral)— 

CH3.C.CH2.CH2.CH:C(CH3), 

II ‘ ■ 

H.C.CHO 

Another alcohol, citrojiellol, CiqH^oO, and its aldehyde, citronellah 
are also important constituents of many sweet-scented es¬ 
sential oils. 

Many aliphatic alcohols, in some cases free, but more commonly 
as esters, occur in essential oils. 

Many fatty acids also are found, chiefly as esters of organic radicles, 
e.g., the acetates of linalol, geraniol, borneol, menthol are of common 
occurrence. Hydrocyanic acid, HCN, occurs in bitter almond oil. 
Sulphur compounds are characteristic of several essential oils derived 
from cruciferous plants, e.g., vinyl sulphide, (C 2 H 3 ) 2 S, boiling-point 101°, 
occurs in oil of Allium ursinum; allyl sulphide, (C 3 H 5 ) 2 S, boiling-point 
140°, occurs in oil of garlic; allyl isothiocyanate, C3H5NCS, boiling- 
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point 201°, is the chief constituent of oil of inustard. Th(‘y all | 
a most tlisa^^n’eeahle odour. 

Many of these substances are not present as such in the |f!aiil. Iiiit 
in union with glucose and other suhstanccis, as the conipcniiid^ kiaswri 
as glucosidejs, «.//., almonds do not contain any hen/.al4le}!\df. hut 
amAKfclalin, which in presenc(‘. of wjitm* and undii I he 

action of an en;iyme, mhukin, splits up into Injiizaldehyde, 
acid and glucose--- 

a.TL.NC),, + 2TU) - (\,H,CnO + IICK + 

Similarly, allyl-isothiocyanate is not |)rt‘He'nt as siieh in uiii^tani 
seeuls, hut as a compound, potassium myronate, I 1liw, 

under the action of an en;^yme% myrodn, is split up as follows : 

K(lj,II^„NS/)„, - + KHSO, + 

The Resin S are now regai'ded as the procIuctH of the fjxidation of 
tei-penes rather than the moth(*r substances from %vliich tinpeneH iiri? 
derived. They have no uniformity of constitution, as is the <fase witli 
the fats, but present wide difTerences in chemical character. Tfie\ iiiiij 
be divided into— 

1. The haUcmm, w'hich consist of resirious sul>8tancr‘H jisHfaualeil 
with terpenes. (lanada balsam, ohtaincHl from Pimin Imisiumi of 
South America, and crude tiii'pentine or Venice tur|«?ntini% from iiiiiiiy 
pines, are good examples. 

Crude turpentine consists of ordinary rosin or colophony disHcilveil 
in turpentine oil. Kosin consistH mainly of Hyh?^hiic acid, » 

monobasic acid, whose sodium salt is used in the iniiinifiic.'iiiie of 
cheap soaps. 

2. The Holld or hard These are arnorphoiw hiil^ni.iiriceM. 

of vitreous chaiucter, wdiich contrtin very little tarjMme. They c’caiHist 
chiefly of esters, alcohols, anhydrides and acids of the aromalic? nei ii*H^ 
generally of very complex character. In addition tliere an* }ir**seiit-. 
certain substances which are mother hydrocarbons, cmters, iilcoliols, 
anhydrides, nor acids, and which are called remmm. Many dittVu'eiii 
bodies of this class have been isolated and antdywfd, but tludr con¬ 
stitution is not known, c.f/., from copal, a Hubstaiice, C froiii 

dra^gon’s I)lood, Many other substancoH of cciiiijiliciiicd 

chanuster have been obtained from the hard resins* 

To the class of hard resins belong many siibstaiiees of great Ini- 
portanoe in varnish making, efc., ejj,, copal, clammar, eleini, wiriilunicfi, 
amber. 

3. The (jttm muw:.~Th(3sa are mixtures of giirris find 
and some are of value in the arts, ammoiibciiiti, 
gamboge, myrrh, scammonium. 

V.™THB] INOIiGANIC SALTS* 

In the introductory chapter a list of the elements ciwatiliiil to* 
plant life was given. It now remains to discuss what is kiio%vfi of 
the functions of the inorganic elements in the nutrition of plants, 

* Fahrion, Eelfc. fttriuigew. Ohemle, IWl, 8 Die* 
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SulpMtr is a constituent of proteids and therefore may be said, in 
a measure, to be present in the organic portions of a plant. It is left 
in the ash chiefly as sulphate, though, as the author has observed, 
sometimes as sulphide. The presence of sulphates in solution can 
generally be detected in the sap. 

Phosphorus occurs in plant ashes as phosphates, and in that form 
it is absorbed from the soil. In the living plant, however, it un¬ 
doubtedly exists partially as organic compounds, e.g., as lecithin (vide 
p. 211), and it seems to move in the plants in company with the 
proteids. In many plants, e.g., peas, beans, potatoes, wheat (especially 
in the bran), the greater portion ‘of the phosphorus exists as inositol- 
phosphoric acid or (Patten and Hart ^), united with the metals, 

calcium and magnesium. C(jHg(H 2 P 04 )(} was the constitution ascribed 
to the acid, but, according to !Boutwell,‘^ the crystalline compound 
obtained from wheat bran does not correspond to any simple salt of 
inositol-hexaphosphoric acid. In plants it is associated with an enzyme, 
2 Jhytase, which can hydrolyse phytin into inositol and phosphoric acid— 

C,,H.,(H,P04)«.+ 6H, 0 = 6H,PO, + C,Ho(OH),. 

Phytin is the calcium-magnesium salt, while phytic acid is the ester 
of inositol and phosphoric acid. 

Wheat bran is said to contain several organic phosphoric acids, 
of which inositol monophosphate, C(.H( 5 (OH) 5 .0 . PO(OH )2 has been 
isolated.^ 

Similar compounds have been found in oats, maize and cotton-seed 
meal.^ It is always most abundant in the seeds. Liberal supplies 
of phosphates favour root development and tend to early maturity. 

Silicon is probably taken into the plant as alkaline silicates. It is 
always found in the ash, sometimes in large quantities, as silica, Si 02 , 
or silicates. Indeed, in many plants, e.g., the cereals and grasses, 
large deposits of silica occur in the outer walls of the stems and 
leaves; but it appears that the plant derives little benefit by this and 
can thrive vigorously without siliceous food. 

Chlorine occurs in all plants, but it cannot be proved to be essen¬ 
tial, except perhaps in buckwheat and mangolds. Its presence seems 
to aid in the hydrolysis of starch. 

Potassium is absorbed as various soluble salts and apparently 
exists in the plant in combination with organic acids, though some 
saps contain the nitrate, chloride and sulphate. It is always most 
abundant in the parts of the plant where assimilation is most active, 
'i.e., leaves and twigs. It seems to be absolutely indispensable for the 
production of starch, sugar, etc., but what part it plays in their pro¬ 
duction is not known. 

Calcium seerns to aid in the conversion of starch into sugar. It 
probably exists in combination with organic acids; indeed, crystals of 
calcium oxalate or carbonate are often found in the cells. One of its 

1 Amer. Ohem. J., 1904, 31, 564. 

2 J. Amer. Ohem. Soc., 1917, 491; LC.S., 1917, Abst., i. 374. 

^ Anderson, J. Biol. Chem., 1914, 18, 441; J.G.S., 1914, Abst., i. 1191. 

^ Anderson, I. Biol. Chem., 1914,141. 
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functions may be to combine with, and render liarndc^sH, th«t 
acids formed in the plant. Tt is found chiefly tie* leaves. 

Maijjw.umn is fairly uniformly distributed; iittli*. was known of its 
functions; hut the recent discovery by WillstilUer ^ and his eollaboni- 
tors that it is an essential constituent of cidoro])!iylI, shows how im¬ 
portant it is to the vegetable organism. 

Iron is xisually present only in small pro]X)rtion, l>iit it is 
indispensable. Plants depriv(Hl of iroii are unable to prodtice chloro¬ 
phyll. 

Sodium, though always pnisent in the asli, does not a|r|«*iir to 
be essential to the vital processes. It cannot fulfil the fuiietioiiH of 
potassium. 

The metals mentioned above, in addition to the s|Mfcia! fiinetioiw 
in connection with assimilation and other iirocesmjs, act als^i an im¬ 
portant part as carriers of nitric acid; wdien the nitrogmi is eliiboriited 
into proteids, the metals unite with organic acids, which yield can bore 
ates on ignition.*-^ It has been found that the richer a pliint m in 
nitrogen, the larger is the amount of leases left as carl>oniiie in the 
ash. 

VL--NITliOGENO OB SIJBBTANCEB. 

(i) Albuminoids. —This word is used in different Hermes by dif¬ 
ferent writers; by some it is employed as synonyiiioim with pmiml, 
by others as the name of a small class of nitrogenoim Hubstiiiicim, dif¬ 
fering from the true albundm (c.f/., gelatin and rriucin). Imirig the 
term prokid as the generic name for tire large group which may be 
called “ Albuminous substances/' it becomes difliculfe to define lb«! 
exact meaning of the word. They are of highly complex eoimtitutioii, 
generally non-crystallisable, and contain cariron, hydrogim, oxygici, 
nitrogen atul sulphur. They occur in all living matter, liidtig iWce 
tial constituents of protoplasm. 

The ultimate composition of proteids varies Ixitween thii following 
limits (Hoppe-Seyler):— 



CarlK)ii. 


Mifcrogtri. 

Hulphuf, 


From 


fn*5 

0*0 i 

Ifr2 

mi ' 

2tl‘0 

To . 


§4'5 

7*S 1 

17-0 

2*0 1 

i 

2i‘i 


In vegetable tissues, certain crj^stallisablc proteids have lii^ 
tected/ especially in the aleurone grains of castor-oil wfeilg). 
Many schemes for their classification have Imm drawn up. T!i« 
following is one oftd’n adopted and includes both anitiial and 
proteids ^ :~ 

^ Vide Ohlorophyll, p. Sta. 

® Iaw» and Gilbert, FML Tmm., 192 (19W), ifff. 

^H^ig,1885 ; Yin«. 

^ Vide PMmmer, Chemi^l Consllliillon of tli« 1908. 
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I. Frotamines, e.g., salmine, sturine, clupeine, cyprinine. 

II. Histones, e.g., those of the thymus and of blood corpuscles. 

III. Albumins, e.g., egg albumin, serum albumin, plant al¬ 

bumins. 

IV. Globulms, e.g., serum globulin, fibrinogen, fibrin, edestin, 

crystalline vegetable globulins. 

V. Glutelins, e.g., legumin, conglutin, amandin; soluble in di¬ 

lute alkali. 

VI. Gliadins, e.g., wheat gliadin, hordein, zein ; soluble in 70 

to 80 per cent alcohol. 

YII. Phospho^yroteins, e.g., caseinogen, vitellin. 

VIII. Scleroproteins, e.g., keratin, gelatin, elastin, fibroin. 

IX. Conjugated proteins, e.g .— 

(i) Nucleoproteins, nucleic acid with protein. 

(ii) Chromoproteins, colouring substance with protein; e.g., 
haemoglobin. 

(hi) Glucoproteins, carbohydrate with protein, e.g., mucin. 

X. Protein derivatives — 

(i) Metaproteins, e.g., acid albumin, alkali albumin. 

(ii) Proteoses, e.g., caseose, albumose, globulose. 

(iii) Peptones, e.g., fibropeptone. 

(iv) Polypeptides, e.g., glycyl-alanine, leucyl-glutamic acid. 

Chiefly by the labours of Fischer and his pupils during recent 
years, it has been shown that the protein molecules are built up 
of a series of amino acids. The following is a list of the chief of 
these compounds which have been derived from the hydrolysis of 
proteins:— 


Mono-amino-monocarboxylic acids. 

1 . Glycine (Glycocoll) = amino-acetic acid, C.^HrNO.), 

CH 2 (NH 2 ).C 00 H 

2 . Alanine = a-amino-propionic acid, C 3 H 7 NO 0 , 

CH 3 .CH(NH 2 ).C 00 H 

3. Valine == a-amino-isovalerianic acid, C 5 H;.;,NOo, 

(CH3)2CH.CH(NH2).C00H ^ 

4. Leucine = a-amino-isocaproic acid, CgH^gNO*,, 

(CH3)2CH.CH2.CH(blH2).COOH 

5. Isoleucine = a-amino-^-methyl-^-ethyl propionic acid, 

(CH3)(C2H,)CH.CH(NH2).C00H 

6 . Phenylalanine = ^-phenyl-a-amino-propionic acid, CoHnNO*,, 

CoH5.CH2.CH(NH2).COOH 

7. Tyrosine = y^-para-hydroxyphenyl-a-amino-propionic acid, 

CgH^NOg, 

H0.C,H4.CH2.CH(NH2).C00H 

8 . Serine = ^-hydroxy-a-amino-propionic acid, CoHyNO.^,* 

CH,( 0 H).CH(NH 2 ).C 00 H 

9. Cysteine == y^-sulph-hydro-a-amino-propionic acid, C^H^KO^S, 

CH 2 (SH).CH(NH,).C 00 H ^ ^ - 
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Mono<vmino-(licarhoxyli(: acUh, 

10. Aspartic acid == aniino-Huccinic acid, (y LKO^, 

11 . GJlutamic acid = a-amino-^^lutaric acid, 

cooii.oh,.(;i 4 (ih(nii,).(!() 6 h 

1)iartiino-mimucarhivylic acIdn. 

12. Arginine = a-amino- 8 -giianidinft valerianic acid, (VlIijXjO.,, 

NH:(XNH.,).N1LGH.,X1H,,.(!I L.Gl I(N XK )f‘l 
Id. LyHirie = a-c-dianiino-caproic acid, 

NH..CHXM,XlH,.01i,.C:H(N H.).( ‘ 0 ()H 
H. Gaseinic acid = diainino-trioxydodecanic acicl, ) , 

15. Ornithine =» a-^-ainino-valeirianic acid, 

NH,.GIL.(JIi.,.GIl.,.(dl(N IloXXiOlI “ 

w'a/7)o./7/l ic arid. 

16. Gystine « dicysteine =» di {B tluo-tt-ainino-ijrcpioiiic acsidi, 

GOOH.(;H(NHoXJH.,.H HX]fi^GH(NH.^^ 


Jleterocyclw amimhcarboxylk acidn. 

17. Histidine » tt-amino-^-iniinazole |)ro|)ionic acid, CVH<,NX),,, 

(IH -C*- ^-ClH.,.(lII(NHAX;00 * ' * 

i I - * 

N NH 

CH 

18 . Proliiie »=• a-pyirolidine carboxylic ivciii, C,,ILK()„, 

CK,—(;n„ 

I i 

GH GH.GOOH 
NH 

19. OxyproHne - hydroxy-pyrrolidine carboxylic acid, (•.H,.NOa, 

HOCH —CH. 

! I 

CH, CH.COOH 


20. Tryptophane »• /8-indoIe-o-amino-propionic acid, C,,H,,,N„0», 

C-CH.,.CH(NH^.COOH 


. 

C«H, CH 

x/ 

■ NH 


The methods used in the hydrolysis of pi-oteiim and in the idontifi- 
«i,tion and determination of the products are too complex and 


■ 
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involveil to permit of any description here. Much work on ttrici 
«ul)ject has been done recently, especially in Germany by Fischer Ab 
dei'haklen, Kossel and others, and in America by Osborne Hart and 
othei’s. ’ 

Tlie results show that the various proteins are built up of verv 
varying proportions of the amino-acids. ^ 

Tlie protamines, which have been found chiefly in fish sperm 
■consist very largely of arginine and other diamino-acids. Tbe 
histones yield about 30 per cent of diamino-aeids. 

The albumins contain no glycine, hut the globulins yield up to 3 
or 4 ])er cent of this substance. 

Tlie Ci'vstallised vegetable globulins, e.g., edestin, found in hemp 
seed, cotton seed and sunflower seed, yield about the same quantity 
glycine as the animal globulins (serum globulin and fibrin), the glute- 
lins, Icgumin, amandin, phaseolin and maize glutelin, much less 
and tlie gliailiiis practically none. The phospho-proteins, e.g., case- 
inogen, also contain no glycine, but the scleroproteins, e.g./gelatin 
elastin, fibroin and keratin, are very rich in glycine, alanine and other 
irioiio-aiiiino acids. 

Of Hppcial iutcirest is the occurrence of tryptophane in proteins, 
h(*causf‘ of its l)eing apparently indispensable constituent of the 
food of animals. It appears to be present in most proteins, though its 
ainomit lias only seldom been determined: but its absence from the 
gliariin of mai:^e—mri—is alleged to render that substance incapable 
•of forming the sole nitrogenous nutriment of animals. 

Thf? proteicln are extrernf3iy complex, therefore, in constitution, and 
any detailed account of them would be beyond the scope of this volume. 
Indeed, the subject has an extensive literature of its own. As showing 
the great complexity of these substances; the simplest formula which 
will iiidicatii the composition of globin, for example, has been calou- 
lated to be Some reference to certain import¬ 

ant vegetable proteins will be made in subsequent chapters when 
dealing with cro|)s and with the feeding of animals. 

Proteids are optically active, being Imvo-rotatory. They are pre- 
•€ipitiitr*d by acids and by potassium ferrocyanide, by basic lead acetate, 
by mercuric chloride, by copper sulphate, by saturation of the liqnid 
with iiiiiinoriiurn sulphate or magnesium sulphate, or by alcohol. 

The following are general qualitative tests for proteids :— 

L Heated with strong nitric acid they yield a yellow coloration 
which bf‘eoineB orange on the addition of alkali (xantho-proteic re¬ 
liction 

2. million’s reagent (an acid solution of nitrate of mercury) gives 
a precjipitate which turrm red on heating. 

3. with tixcmu of strong sodium hydrate solution and a small 
41111111 tity of eop|M3r sulphate a violet colour is obtained, becoming 

on warming. (Biuret reaction.) 

4. Afli«rikii.iwicy/s reaction. The proteid is dissolved in glacial 
acetic itidd itricl strong sulphuric acid is added, when a violet colour 
18 iiiwliicmi It has been shown ^ that the acetic acid only 

* Hcipkirti and Cole, Proe. Roy. Soc., 1901, 21. 
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procliiccK this reaction if it contains as an impurity, ^hyoxyUct acifl, 
IICO.CJOOH, and that a better method of pc.‘rfonniiiy^ tin* U-hI iv to 
reduce oxalic acid by means of a little, Hodiuni nnial'^aiii, tlii'ii'ljy 
forming glyoxylic acid, add a few dro|)K of this solution to tluit of iiii‘ 
proteid, and then sulphuric acid. 

The usual method of estimating proteids in arialysis in liv fliier- 
mining the amount of nitrogen present, and then asHuming t luil iliiii 
nitrogen constitutes about 16 per ccmt of the weight of the* alliiiiiiiiifiidH. 
The percentage of nitrogen found is therefore iimltipli«‘d l»y 6*25, 
and the product is given as the ptu’ctmtage of alhiiminoiils. Tliiii 
only gives approximate valiums, since all protfdds do not contaiii exsieilj 
16 per cent of nitrogen. The following taldcs givf*H the. of 

nitrogen found in various proteids and the factor which, iriii!li|ilifil by 
the percentage of nitrogen found, will give the amount of alhiiiiiiuoifi 
present ^:— 


Substaiuie. 

PerceiitaK** 


Mucin . 

LH-HO iu li-in 

7'2^> III 7'OH 

AlbuniinatcH. 

iB-m 

7*21 

Oat protcjidK. 1 



Egg albumin. 

lfr71 to I7'8f) 

i 6*87 biSikI i 

Maize proteids. 

1 mm ; 

11-22 ; 

Casein. 

15-41 1 

iMIl ImU'LI 1 

Semm albumni. 

i Ifrim \ 

8*27 : 

f^eptories. . . 

1 IfHHUo 17-18 

filifl to /rK.| 1 

Wheat proteidn 

1 in*8U „ 3 H'8!I 1 

rnm „ . 7*14 * 

Flax HeC3d prokUln.^ 

i 17*70 „ lS-7« ] 

; 5ii/i „ ! 


(ii) The Simpler Amino-Compownds.— Under this heiuliiig imiy 
be conveniently grouped together those Hubgtances which were for¬ 
merly classed as Amides. They are com|)ourids of much legs corn- 
plexity than the proteids and are, for the most to be riigarttwJ ii» 
(lerivffctives of ammonia, by the raplafeernent of one iitoiii of 

hydrogen by an organic radicle. 

They include many of the arnirio-acids already mentioned m |iro- 
ducts of the hydrolysis of proteids. 

The simpler amino-compoimrk occur widely distribiiiffil in lint 
vegetable kingdom, being esj^cially abundant in immature iilants. Jti 
many cases, they are transition eomjiounds fonnitd in the synthe^k of 
the proteids. Being soluble in water and diffusibk, they mti reailily 
pass through the cell walls of plants, which is not the with ilio 
colloidal proteids. Hence they j>ermit of the imnsfererica of tiitiogim* 
ous matter from one pa,rt of a plant to another. In all pvmmmm in¬ 
volving such translocation, these simpler aniino-compoiiniifi are fomird 
by the hydrolysing action of en^mes upon the prokuVte, to !« fed- 
lowed by the re-formation of the latter in the new locality. Heiiee 
the simpler amino-compounds are to hn most readily deteekfd in 
plant tissues during germination and during 8oe<l formation. They 

* Wi%, Aiprlc. Analysis, ToL HI, f. 441. 
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ihm products of l)Oth katabolisrn and anabolism. A few of the more 
common of these comxjouads may be briefly described and may be 
taken as types of many others that have been found in plants. 

1 . Anparcyfine.^ which is really amino - succinamic'. acid 

fCO.NH., ..... h- 5^ 

(]./]I.dNiLj juice of the asparagus, in' many 

fruits, roots and tul) 0 rs, in the young shoots of vetches, beans, peas, 
ek. Asparagine crystallises in prisms with one molecule of waters 
It has a cooling, unpleasant taste, and is soluble in about 80 parts- 
of wate!’. By boiling with alkalies or other bases, aspartic acid or 
arnino-succinic acid, (l^H.j(NH. 2 )(GOOH)^, is formed, with evolution 
of anirnonia. , 

Dilute* hydrochloric acid xuoduces the same acid and ammonium 
chloi'ide*, the. tiitrogen of the amide (—GONIIg) group being converted, 
into ammonia. This is a general reaction with amides. 

2 . (rlulmnine, amino-glutamic acid, NH 2 .CO.G 3 H 5 (NH 9 ).CGOII, is 
found in Ijeetrooi, in the shoots of the vetch and in the pumpkin. It 
c;rysiulliHe*B in slender white needles, which contain no water of crys¬ 
tal! iHation. It is very soluble in hot water, but insoluble in absolute 
alcohol. 

‘I. Ch(plmf% hydroxyethyl - trimethyl - ammonium hydroxide,, 
(UIj(()ri).N((JfLjij.C)H, occurs in cotton seed, in beets, in hops and 
in many other plants. It is a syrux^y liquid with a strong alkaline 
reaction. It apiiears to x>osseB8 poisonous properties, which are some- 
apparent whim cotton seed is used as a food for very young.* 
anirnalsd It forms a cliaracteristic reddish-yellow crystalline compound 
with piaiinurn tetrachloride, ((Jr,H| 40 N) 2 ptGl(). 

4. iMuins, inner anhydride of trimethyl glycocoll, is said to have 
i\m comimitiorr.. 

CH., 

GO N(GH.,)., 

\/ 

O 

It is found in herd juice, in mangolds and in cotton seed. It is formed 
liy ilm oxidation of choline. It crystallises with one molecule of water. 

Many derivatives of betaine have been prepared artificially ^ and one 
—IrltMfiiellitiet occurs in fenugr'eek.^ Trigonelline has the constitution— 

CM 

IIG G^GO 

I il 

HO CH 


tliw rlili? p. chap. %iv. . 

HViliftlfiiler, ; Jour. Chem. Soc., 1902, Abstracts, i. 266. 

‘Maliiw, Her,, WHS, *2bW; Jour. Ghem. Hoc., 1886, Abstracts, 85. 
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5. AUantoin, C 4 H,jN 403 , found principally in animal products, 
has been detected in certain vegetables, e.g., in plane-tree leaves, in 
the sprouts of many young plants and in cereals. It crystallises 
in prisms, is soluble in hot water and in alcohol, and has a neu¬ 
tral reaction. It is a di-ureide of glyoxylic acid and has the constitu¬ 
tion— 

NH—CH—NH 

- / 

CO 

\ 

NH—GO 

The simpler amino-compounds, the ‘‘amides’’ of food analyses, are 
generally regarded as not being capable of forming flesh in an animal, 
but only to function in fat formation or heat production. Eemem- 
bering that proteids, by hydrolysis, are converted into amino-acids in 
the process of digestion and that these are subsequently built up into 
proteids in the animals, it would appear probable that the “amides” 
of a food, if present in sufficient variety, might take some part in the 
building up of nitrogenous tissue. Indeed, recent experiments tend 
to show that this is the case under certain conditions, or at least that 
amides ” can, to a certain extent, replace a portion of the albumin¬ 
oids in a ration. 

They cannot, nevertheless, be regarded as possessing the same 
value as true albuminoids and, in the analysis of products rich in 
“ amides,” distinction has to be made between the nitrogen existing in 
the two classes of compounds. The total nitrogen in the foodstuf 
is determined by the Kjeldahl process {vide Chap. V, p. 95). Another 
portion of the food is then digested with water containing, in suspen¬ 
sion, recently precipitated copper hydroxide. This renders the true 
albuminoids insoluble but permits the ‘^amides” to dissolve. The 
precipitate is filtered off, washed, and a nitrogen determination by 
Kjeldahl’s process made in the residue. This is assumed to be the 
nitrogen existing as real albuminoids. 

(iii) The Alkaloids. —These substances are nitrogenous bases, 
possessed usually of powerful therapeutic properties. They are very 
numerous and in constitution are generally to be regarded as derived 
from ammonia, NH 3 , by the replacement of a part of or all the hydro¬ 
gen by complex groups. With few exceptions, e.g., nicotine, coniine 
and sparteine, they contain oxygen. They exist in the plant probably 
as salts of organic acids. They are only slightly soluble in water, 
more so in alcohol. They are found in various parts of plants and may 
be extracted by digesting the finely divided material with dilute sulphuric 
acid, nearly neutralising the solution with alkali, boiling down, and 
adding alcohol, when most of the gums, mucilage, etc., ai'e precimtated 
and the alkaloids remain in solution. 

Some of the more important alkaloids are— 

Coniine, CLH 17 N = propyl piperidine, C 5 Hio( 03 H 7 )N. 

Nicotine, O 10 H 14 N 2 = ^-pyridyl-a-N-methylpyrrolidine, 
0,H,N.0,H,N(0H,). 


\ 

CO—NH. 
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Morphine, ’ 

Stiychnine, 

Quinine, C 2 oH^ 4 N^ 02 . 

Caffeine or Theine, 63 ^^ 10^400 
(Trimethyl xanthine, 1.3.7). 

Theobromine, C-HJ.N 4 O 0 

(Dimethyl xanthin'e, 3.7). 

li '.The two latter compounds are important constituents of certain 
plants—tea, niat 6 , coffee and cocoa. They are intimately related 
in chemical constitution with xanthine, QH^N^Oo, found in many 
animal products and in certain plants; with guanine, Cr,Hr,Nr, 0 , found 
in guano, and with uric acid, Cr,H 4 N 40 .j. The following formulae will 
.illustrate the connection :— 

HN—CO 

I i 

OC C—NH 

I 

HN—C—NH 

Uric acid. 


HN—CO 


HN-=C—C—NH 


HN—C—N 

Guanine. 


)CH 


HN—CO 

1 I 

OC C—NH 


Xanthine. 


HN—CO 
OG i—N.OH., 


! !' >™ 


HN—0—N 

GH.,.N- 


l! 

ii 

C—N 

Theobromine. 


OH 


CH 3 .N—CO 


00 0—N.OH., 

>CH 

CHj.N—C—N 

Theine or Caffeine. 


The functions of the alkaloids in plants is not known; as food¬ 
stuffs they have no value, but their therapeutic effect is often of great 
importance. 

(iv) The Cyanogenetic Glucosides. —More than a hundred 
species of plants have been found to contain compounds which readily 
evolve hydrocyanic acid when distilled with water. In many cases, it 
has been shown that this is due to the presence in the plant of com¬ 
pounds containing glucose, some other organic radicle and hydrocya¬ 
nic acid and that the latter is liberated when the compounds are 
hydrolysed by acids or by enzymes. 

The best known of these cyanogenetic glucosides are— 

Amygdalin, a substance found in bitter almonds and in the seeds 
of many other plants. This has been proved to undergo the following 
changes on hydrolysis 
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(1) "I- H.o . 

Aniv^fialin. tJlurose. Maifd«*lit‘ iuf:,ri!i‘ g!tic«»,‘'.idr ?•!’ 

priUiasii!. 

(2) (',,,H|r<\A’ + -• flO 

.Prussir Ilfli/.iiJilt’liyslc. 

The* first roac^tioii (?an bn nffnetntl l>y thn nnzynins, futilinsr, pri'sniit 
in ynast, and ami/fjdiUaHf, pmscTit in sonin y<*aHts iincl in i*!iiii}siii, i}u* 
s(‘Cond by thfH‘n/A‘nH*s, evndsin, pn^siait in abnorulH, iind jirnntLw, pr'i*- 
snnt in piurnsas wcdl as in (nnniHin. Hniuisin is wipabli* rif cinc*iini|«}‘^iii«r 
aoiy^dalin in one* praenns (probably bnnansc it nrHitairw two or nvoii 
thrnn enzyinnsj ^ itiio tlin ]>rfKluc*tH, ulueosn (dnxtro-ghumni, liydri«*\'aiiic 
acid and laniy.aldcbvdc, 

Thfi last two HuhHtiinc(*H, bt.*in^ volatile, urn the cliinf (*ons!i!ii«*!ii‘^ «if 
the (‘HHcntial oil of bitter alniondH. 

Kithnr arnygdalin or kouh' (dosnly rnlatnd substance oc-ciirs in ilii* 
hchm'Ih of many fruits, r.f/., in those of the apple and of the niouiiliiiii 
asli lH‘rry, 

Klderherries fth(» fruit of SmuhtiaiH nujm} have bt*eti hIiowii “ to 
contain a glucoside, HimdtHnujrin, itlentical with the iiiteiifN'iliiite 
compound, rnatalcdic nitrile glucoside, Conned in the hydroi^HiH of 
arnygdalin. 

Uhurrhi was found in the common sorglmm (Stirijliirm ruhjan») or 
grcait millet.^ It isjrresent in tlie young immature plants, the aiiioiirii 
attaining a maximuin when the plants are about a fwii in heiglit. 0t\ 
h}‘clrolyHiH by hot dih.ito acid, or by eriudsin, it yiehls gliieoHi*, liyilro^ 
cyanic acid atid |)aiii4iyclrDxyla:*nzalclehyde in aceortlancie witli itic 
f*<]itatiore— 

CJltPr^ -f 11,0 - 4- IK*X + (;*II^f()H|.CdlO. 

Young Horghum plantH have often la»en known to be |;ifdsoiiotrH lc> 
cattle, douiitless due to their yiehlitig prussic iicskl, for the eiiicvriii 
necessary for the* abovr* hydrolysis is present in the planl. ifaiiy 
plants relatf*d to thi.t millets have been found to yiidtl hyiIroc»yiiiiie 
acid, Chiinea grass (Panknm muximuml and iiiiy/.e (km wmif4. 
but the I'liiantity prt^sent is inconsklf*ral;4f% eviui at the Htiigen of growlli 
where it attititis its maximum. 

Loimin was obtained by Dmmtan and Henry ^ from lh«» If^giiiiiitimw 
amuml plant, !Mm amirkm, which, though |iowoiiou« at cerhiiii stages 
of its growth, yields, near maturity, ii valuable and harmless fiidi!#»r. 

I^otusin is hydmlysed by beating with Iiydracrhloric arid, or by mi 
enzyme, btsm, also present In the plant, with the, following remift >*«* 

CUI,|0,,H -f m/) «. d- IIC^N + 2CVH^/), 

lx>t 0 flavhi is a yellow dye reseipbling cjtieiwtitL 

FimmAnnmiin, present in Lima or liangoon Im«iw fttii* seeds of 

E, and E. F. Arwiitmtig and Herteii, Frw. Itoy. May III, 
Ikisiriltjftter, Bio«li#tiu E«it«cti., SllO, 401 . 

®Boarqtt#i©l and QomfL Kiwi, lifOd, 141, 

and lltnry, l%il Tmoji., I9m. A. 101#, ffJI. 

^ Fiiil. f»ai,, liOl, k 194, m 
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Phaseolus lunatus), occurs also in young flax plants. Its composition 
and hydrolysis are indicated by the following equation:— 

CioHi.OcN + H ,0 = + HCN -f {Gll.,),CO 

Phaseolunatin. d-Glucose, Acetone. 

It is thought probable that the hydrocyanic acid yielded by Cassava 
root (from which tapioca is obtained), the Ceara rubber plant and the 
Para rubber plant is derived from the same compound. 

Many other plants are known to yield small quantities of hydro¬ 
cyanic acid. Thus, the leaves and stems of the sweet potato, Ipomma 
batatas, which have often been noticed, in Queensland, to be poisonous, 
have been found to yield from 0*014 to 0*019 per cent of their weight 
of prussic acid. 

The young shoots of oats, wheat and barley and many of the 
(framinecs have been carefully examined but found to be free from any 
cyanogenetic compounds. 

The functions of the cyanogenetic compounds in plants are not 
known, though some investigators consider it probable that they are 
transitional products, produced perhaps by the action of formaldehyde 
upon nitrates, from which, first, amino-acids are derived, and that these 
latter, in turn, serve as materials from which the proteids are built up. 

VII.—CHLOEOPHYLL. 

This substance is the essential constituent of all the green-eoloured 
portions of plants and is the medium by which the assimilation of 
carbon compounds from carbon dioxide and water, by the aid of energj' 
derived from light, takes place. 

Its nature and constitution have formed the subject of many re¬ 
searches. In many plants it occurs associated with other colouring 
substances, of which ca?'rotene or carotin, and xanthophyll, 

C4oHr,,j02, are the most important. The former can be obtained in 
copper-coloured leaflets, which appears red by transmitted light; the 
latter is similar in appearance to carrotene but transmits yellow light. 
Both readily absorb oxygen (up to 34 or 36 per cent of their weight) 
and are converted into colourless substances.^ 

Pure chlorophyll, obtained from plants by Willstiitter and Hug,^ 
is a bluish-black, lustrous, glistening powder which melts somewhat 
indefinitely between 93° and 106°. It\is soluble in ether, giving a 
greenish-blue fluorescent liquid ; soluble also in alcohol or in benzene 
and pyridine. 

Its composition is C5r,H720^,N4Mg and its ash consists of pure 
magnesia. 

Willstatter regards as the fundamental constituent a compound 
which he calls chlorophyllin and which has the composition 
C3,H2,N4Mg(COOH),. 

^ Willstatter and Mirg., Ann., 1907, 355, 1; Jour. Chem. Soc., 1907, Abstracts, 
i. 8G5. 

‘•^Ami., 1910, 378, IP; 1911, 380, 177; 1911, 382, 129; Jour. Ohem. Soc., 
1911, Abstracts, i. 140, 393 and 669. 
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(;hior()]}hyll, as it fxisis in ihn h'jivrs, is aninriihoiis uihI jh 
]) hvtvl nh!oro})liylli<l<% : 

(!()()H.( I jMk({ ’(K K11.|.( •( H l.( 

hut whnii kn|)t in ah*r)lioli<*, s(^liition it is (nuj vnU.ncl l»y lui nitz} iiii% 
rlihinvpliyllasc, prc'Siuit in almost all phuits, \nU) (‘ryslcilihir fili, 

wliic.h is nlhyl {5liloro])hylli<If*, thus: 

‘lliVlol. 

+ (!C K) f f.(j MgiC •( H H 1 f, |C ’C U H \ If, 

Ktlivl 

WillHtattnr thinks that orilinitry ('iilorophyli t'outaiiiH two foni|!Oii- 
ono of whiciu l)V r(*movaI of Mia^ni^siii, yij'ltis 
C'.j,li 3 j(XN,j, anti tho othtn- Xj. 

Xiauy othcn* int<*rf‘Htiii^ (hn’iviitivoH of c^hlonijjhyll havo o’ronfl)- 
Ih'I'U ohtainnd hy WillHtiittor arid his ^•ollahor^t!o^s. 

Tlin vii‘\v thiit ohiorophyli and hii^niilhi, ihn iiia.f.for nf 

hlfKKh ai’ft l) 0 th prohaldv dorivativim of pyijfdi* 

(’ll C^II ^ 

CII Cl! 

Nil 

enimciatod hy Bchiinok and 'MaiiddowHki in ^ Hi,*nriis lo 
Htrong mnllrniatioM from ria.?oni irivoHti|4iiiioiiH/- 

Moreover, Kimter fimlH that liiiniiatin has the «*rini|ioHirioii 
%vlnch cjorreH|:K>iic'lH to Horiii* of thi^ idd«ro|diy!l <lerivii» 
tivBH, iron rephudng magnesiurm 

It wonlcl therefore, that tlw red colouring of tJii* 

blcKKl of anirriiiiH, luematiri, finds an analogue in llii* greini 

cjoloured Hulwtatice ho charaeteristb of jikiitH, tlte only flifferf^iio:* 
being in th<» irietiil %vith which the organic riidkde in eoiiihiiieih 

PoHsihly in plants there In i\m mnw neee.HHiiy for the of 

iron, in the earlier Htage« of the foriimtbit of clilorophylh atid only 
at the imd of the nyrtthetic proeifaH in its re|iliie*4iifint l>y iiiiigiieHiiirti 
ethictefi 

That the replactanient of iron hy itiagiieHtuin in lliis (^ompif^x 
orgariie inolecnla should products mieh a eoinplete change in the prn- 
|M*rtiefi and funetiorm of the eorti|)amsfI in riutnirkahle, In ehlorfifiliyl!, 
wheni rri&gne»tiim in pmmuit, the ehiimctfeintie finictloii of the 
compound iu the dec50iri|i0fiitbn of <»rlam tlioxidff in the pn*si*tu?e of 
water and with the ifttergy derivwl fwiti lights with the pitikilile for* 
Illation of hydrogen pemxkla and foitnalflnliyde find Ihe imumlmU^ ile* 
eompoiiition of the former into water mid otygmi Clhi« i»* profmldy 
effected hy mmyrnmn a^soekh^^ with the protopliwm of the leitvim| iiiid 
the jiolymerifiation of tha latk^r into 

^hitir. Bee., Alaitimk, J. 

^Mftlarfiki and Jour. Ctiirtii, te,, lilOi 1. al«- 

%?i!klEtter and Amlilm, Jmir* 0h«!». S«.%, llllt, 111, 
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In hanriatin, on the other hand, where iron replaces magnesium, 
the function of the substance is to act as a carrier of oxygen from the 

oxygtni of the air to the carbonaceous matter in the tissues of the 
animal. This ])roperty of carrying oxygen is possessed by many iron 
compounds and is, perhaps, not difficult to explain. 

(]liloro].)hyll and its derivatives give characteristic absorption 
Hpejctra, th(‘ black bands formed in the continuous spectrum of white 
light, which has beien filtered through a solution of chlorophyll, show¬ 
ing th(‘ ].)articular rays which are absorbed and whose energy is uti¬ 
lised in ihi'. assimilative processes of the plant {vide next chapter). 

Many otlu'r coloured or colour-yielding substances occur in plants, 
l)ut their iiripoi’tance in reference to the life of the plant in most cases 
is small or not understood. 

Much work on the colouring matters of flowers and frnits has been 
done by Willstiltter,^ and his collaborators. He concludes that all 
these sul)stanc(;s which he calls anthocyanins ” are glucosides. Thus 
rya/iin, the pigment from cornflowers, is a glucoside of cyanidin of 
whi<;h th(‘ crystalline chloride has the composition, Cj^HnO^jCl ; 
deijdimm contains 2 molecules of dextrose, 2 of hydroxybenzoic acid, 
and drlphinldin, (Jj.Hj iO^Gl; pelargcmin contains 2 molecules of dextrose 
and pBlnr(jnm(lin, , iO,;Cl; and miin, from grapes, is a monoglucoside 

of trnuUn, ( ) j -11 , r,0-( 11 . 

Tlui aiithocyanin from the bilberry has also been examined. 

^ BitzuiigHber. K. Akad. Wins., Berlin, 1914, 402; J.C.S., 1914, i. 564. 
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The Plant. 

Fob a description of the structure and general life-history of plants the 
i-eader will naturally turn, not to a work on agricultural chemistry, but 
to a treatise on botany. Nevertheless, a brief account of the functions 
of the various parts and their special adaptation for carrying on the 
processes of life may usefully be given here. 

Germination. —A seed is essentially a germ or embryo, together 
with a store of reserve material from which the future plant is to be 
formed (endosperm or cotyledons). The embyro is the only portion 
of the seed which is really alive, the endosperm, e.^., of barley or wheat, 
is merely a store of food^ ; hence it is possible to transplant the embyro 
from one seed to another without destroying its power of growth. The 
nature of the food stored in a seed varies; there is always a consider¬ 
able amount of albuminoid matter and either starch or fat. 

Seeds suffer little change by keeping, provided they be protected 
from moisture ; if not already dry they lose water, and in some cases 
carbon dioxide, but these changes soon cease and no further loss occurs. 
Vitality may be retained for several years. When placed under suitable 
conditions, seeds germinate. The most important circumstances affect¬ 
ing germination are— 

1. Moisture. 

2. Temperature. 

3. Access of oxygen. 

4. Removal of carbon dioxide. 

Moisture is essential and acts by producing considerable swelling, 
accompanied by a rise of temperature. 

A suitable temperature is also requisite. As a rule, no germination 
occurs below 3° or above 49°. The limits as well as the optimum 
temperature vary with different seeds. 

For every plant there can be found three important temperatures, 
viz.j the minimum, optimum and maximum temperatures, at which 
growth occurs or at which germination proceeds. 

Thus, the following table gives the three points for the germination 
of several plants, in degrees centigrade:— 

1 Steward, however, has shown that the purely endospermic tissues of barley and 
maisse respire, absorb oxygen and evolve carbon dioxide, thus affording evidence of 
vitality, even in these cells (Ann. of Bofeiny, 1908, 416). 
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Minim uin. 

Optiuiiiiii. 

Maxiiiiiim. 

Wheat. 

5 

31 

40 

Barley ....... 

6 

31 

40 

Maize. 

9*4 

34 

46 ' 

Peas . , . 

6-6 

31 

39 

Punipldns. 

13 

34 

46 


So, too, the growth of the seedlings is influenced in a similar 
manner, the temperatures, however, being somewhat lower, especially 
as I’egards the maximum temperature at which growth occurs. This 
is usually about 38^ but with maize, pumpkins and tropical plants, 
of course, may l)e higher—up to about 45° (113° F.). Certam lo\y 
forms of plant-life have limits much below" and much above these 
temperatures. Some alycs will grow in sea water at 0° C. or even 
l)elow, while some thermophilic bacteria flourish at 75° C. and have 
4in o].)timum temperature of grow^th about 70° C. 

The rate of growth of seedlings is found to be very small near their 
minimum temperature and to increase gradually with a rise of tem¬ 
perature, the rate of increase rising rapidly as the optimum temperature 
is approached and diminishing very rapidly soon after this is passed, 
until it Anally ceases at the maximum temperature. 

In South Africa, temperatures are liable to great and rapid oscilla¬ 
tions. The shade temperatures in the afternoon of a clear sunny 
■winter’s day may reach 80° F. (26‘6 C.), w^hile shortly before 
sunrise there may be a keen frost. Now plants are able to adapt 
themselves to extremes of temperature, provided the changes occur 
gradually, but such rapid alterations must be very injurious to almost 
all plants. In the summer, both day and night temperatures are much 
higher, and the temperature of the surface soil and of the leaves of 
plants must often be high, probably far above the maximum temperature 
of growth. 

Thus in the case of winter crops (grown with irrigation), it must 
often happen that the time during which the plant is at or near its 
optimum temperature must be restricted to comparatively short periods 
in the mornings and evenings, during the rest of the tw"enty-four hours 
the temperatures being too low or too high to allow of much gi'owth. 

Moreover, the adjustment of the organs of the plant to suit these 
rapid changes of temperature must be difficult. We consequently find 
that many English plants, which in the English climate are able to 
withstand greater extremes of temperature (but ,more gradual in their 
alternation), will not live through a Transvaal winter, even when well 
watered. This, for example, is the case with many giusses. 

x\ny circumstance which tends to increase the suddenness of the 
transition from the too low to the too high temperatures will still further 
retard the growth of plants. Such a circumstance is the screening off 
of the rays of the rising sun, and it has been alleged that such rays 
possess some occult beneficial influence upon that grow"th.^ 

^ Rawson, Transvaal Agric. Journal, April and July, 1906. 
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Tiu‘ wriHT ffM*{s fully coiiviiu'-cd tliaJ. tlu* iiijurv effected upon 
phiuts })y deprived of the (‘jirly niys of iIh‘ sun, arises cliicdlv 

from their heiu^^ hurried thronpdi the t(‘iu|H‘ra.ture at wliieh maximiu'u 
t^j’owth is ])ossii)le. Tl»e ahuiidaisca* f>f suiislune wliich oiu* is apt to 
cotisider so valuable an aid 1(» plant putnvth in sunny South Afi’ica 
would thus S(‘(‘ni to he in excess of their re(juireinents, and ])rol)al)lv 
the country wouhl la* inon* productive if therr* w(‘re less of it. 

Transpiration throujLth th(‘ leaves is also vei*y active in this dry 
clinutte, u.nd dii-ect experiment hy the writer in 19(14 showed that a, 
potato plant f‘xhaled 4(>7 pn'anunes of water for ea,ch i^ranina* of solid 
matter formed. Tliis was in oniitmry soil without !na,riurc*. Another 
exp(‘rim(‘nt showed that ordy 2H4 ^nmnneH of water for each i^ramme 
of solid mathu’ vvert* < 4 iv(»n off from a ptaaJo plant p^rown oti soil 
matmred with HOO Ih. basic slai^ and KKl 11). pofstsHium intrate ])er acre. 

Now a pliuit (‘xhalin|.r moisture,• rapitily durinj^ the hoi part of the 
day, when the whole plant and its roots have l)i‘i*n heatrsl by the sun, 
Hiiddeidy has its rate of transpiration ciiecked by tlie cooling of its 
leaves after sunsid,. Its roots, howe^ver, are still active in ahsosption 
of water fi'om tlie hot soil, and undotil)tee!iy <liHturhancf*B in the* jjres- 
Hure of the sap, oftem of an injurious ehariudm*, must he set up. Such 
disturhancf^H may give rise* to rupture of some of the* cadis of the plant, 
and is probably the? cause of a “diHeasc**' which has long puzzled 
pathologists—m., “ liitter pit’* in apples. 

During germiuatiou oxygen is actimlly aiworhed in cousiderahlc? 
quantity, cau*i>on dioxide being eKhah»d. Tin* |iroca!HH of oxidation pro- 
ciuca*s lieat, and a considc*rahie rise^ of temfeeratiirf? may be olmervcal 
wlien many seeds gennlnate together fra/., in malting barley). During 
tills slow cjornbuHtion, the* fats and carladiYdratc^s are consumed, hut 
the proteid matters rc*main undiiiiiniHhi‘d in <|niititity. 

In germination, various enzymes presi^nt in the seed commence to 
act (diastaHc, which has the povv(»r of eonveiting starch into maltose 
and df?xtroHe, is a typical one), whereby the? resi,*rv(! materials in this 
mjerl are corivertei} into solidde suhslanees, eapahleof trans|jortat4Dn in 
tire sap. The runiawo increases rapidly in size, sending upwards a 
pliunub, which will eventually procliice thi? stem, and downwards a 
ra-dicle, di?stined io foiart the rma. The direc*.licHi of growth of the 
plumule, and radicle is <ieterniiri<^l hy gravitation, for if mmln be ger¬ 
minated while siibjffcted to ciifttrifu^! force (say on a rotating wheel), 
the plumule grows towards and the radicli? away from the centre of 
rotation. As soon m the pluiiiule reimhes thi? siirfiwie of the soil and 
lieccimes i?xpo»«»il, to light, cidorophyll is prcalncjed in it and assimila- 
timi commences. Thu iwlicle, tt:», develops root-haiw and hecomeH 
m|Mithle of taking In plant food from the. water of the soil 

Before describing the chemical changes which occur in ulants, it 
may render the matter ctearer if a few terms wdiich are uscfd in phy- 
Miology be explalmd. 

MddlMilmm refers to all chemical changes which occur in or are 
produced hy living matter. The»! are further suixlivided into— 

1. Atmimlwm or (instructive metalxdkm, iiicliiding all processes 
in w*hich complex cx^mpounds are huilt up from simpler ones by the aid 
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of living orga^nisms. The final stage ol‘ all anabolic processes is ^ 
formation of protoplasm. In the case of plants, the most ehai'actei’ist'^*^ 
anabolic process is the synthesis of carbohydrates from carbon diojTitl^ 
and water. This is the first portion of the process of assiinilatioii ^ 

2. Katdholism or destructiye metabolism, including ali*^ cheiiiieal 
changes resulting in the formation of the more simple from the com pit4 
A type of such katabolic processes is the absorption of oxygen and the 
liberation of carbon dioxide; this occurs most markedly in animals 
but is also an essential function of plants. The process*^ is knowii as 
respiration. 

The products of metabolism are classed as ^)lastic 2^r<<diicts, which 
can be utilised again in anabolism, and waste ‘j^rodncU, rvMch cannot 
be again used, and in which are either excreted or secreted in the 
insoluble form within the body of the plant or animal. 

The main parts of a plant are— 

1. The roots. » • 

2. The stem. 

3. The leaves. 

4. The flowers and seeds. 

A l)rief account of the functions of these will now be given:— 

I. The Roots. — The radicle formed from the seed naturally gi*ows 
downward, i,e.y in the direction towards the force of gravitation or other 
force acting upon it. Soon, however, it branches, and the secondary 
roots generally grow laterally. Trom these roots, in turn, other 
branches are formed, and in the neighbourhood of the growing point 
of a root, root-hairs are sent out among the particles of the soil, rhese 
root-hairs have thin walls through which water can readily pass, 
carrying with it the dissolved matter which it may contain, provided 
that matter be capable of passing through the membranous wails 
be a crystalloid). The constituents of the sap, often including free 
vegetable acids, pass outwards from the root-hairs and aid in the solu¬ 
tion of certain constituents of the soil, which, when dissolved, diffuse 
into the root.^ All the crystalloid constituents of soil-w^ater in this way 
enter the root and are carried in the sap to other parts of the plant, 
where they are absorbed, if required, in order to build up the tissues 
of the plant. If not so utilised they remain in the sap and thus pre¬ 
vent the entrance, by diffusion, of additional matiter of the same kind. 


Difficdon andr Osmosis, 

A few words may here be said about the phenomena of diffusion 
and osmotic pressure. Diffusion, as is well known, refers to the process 
by which a substance, dissolved in a solvent, moves from the more 
concentrated to the less concentrated portions of the liquid, ifais 
moyement is an indication of a motion which is constantly occurring 


1 Recent exueriiuents lead to the conclusion that the solvent action of root-liwrs 
iponSiSlyr^ to the carbon dioxide evolved by them and not 

50 the escape of their acid sap. 
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in ih.t |nirti(jlt*s of a di^KoIvc*(I siil>stanc(;, hut wliich is only readily ap- 
pariMit wht'ii more of tlu* suhstaiicf* moves in one direction or irito a 
^nvon spae.e tlian niovc^s in the otlun’dii'cction or out of it. 

<lrahain, in invostipihnl the? rates of diffusion of various conn 

pounds in aejueous solution and found j^onat dinerences with dillerent 
suhstaii(;e*s. iilany crystallisal)}!? suhstaiiceH moved comparatively 
rapidly, while* colloidal hodie*H, ejj,, ^nnn, alliiiitnn, tannin, inovenl with 
oxti'enue h1owii(*hk. He* found, inore‘ove*r, that colloidal ho(lie*s, edthf*r 
ill solution or wheni tlioi'ou^hly wedted with water, allowed rryafallolfh 
to diffuse freu'ly, hut pra(;tic;ally stopped all diffusion of dissolveMi 
rdlldirlH. 

|)raciic!tJ a])pIieiatiou e>f tliis |)he‘uorrurnori to the sopaiutioii of 
crystalloids from colloids is known as didljiHm anel is usually ac- 
cjoiujilished })y meninH of a v«‘HHel, the* Ijottoni of which is composed of 
Huiinal f>r vei^adable? parchment. The* itiixture of the? two dissoivt^ei 
Hiihstan(u*H is placf*il within this vessed, which is then floated upon 
pure water; tiie crystalloid pasHes tlirough the? niernliraiit?, Init tlic? 
colloiel eloe?H not. ''rhe difTusioii of the crystalloiel goes on with dimin¬ 
ishing h]h. aid until thci concerntrntion of the solution within imd without 
thf*. (Imiif.'ier heconuis equal. Hven then, it is to lie? cdeiarly iinde'rHtaod, 
the action probably eloejs not emHee; hut, nincse jimt as iiuicli leaven 
the inner vensed ui a j^iveui time? as enterH it, the* process does not 
readily show itnelf. 

By re|Niatf?(lly rencnvin^ the* water in the outer vcnsel the? wdiole of 
the crystalloid may hf* retnovcHl from the? lic|ui(l within the dialyHe?r, 
while? the amoimt of colloid is not appreciably diminished. 

Many aniiiml fuid vei^fdable inenilirantjH, cormiHtinp; aB they do of 
ce)lloidal matter, (sapahle of hw el ling in water, allow of ready dilfuBion 
of water tlirough them. 

Moist of these tneirihrancs, Uk), offer little roHiBbuioe to the diffuBbii 
of diHsolv(Kl crystalloidn, but Htoj) that of dissolved eolloids. Borne, 
liow^fwer, while? permitting water to diffuse through readily, aliriost 
entirely stop di«solvf?d matter of all kinds—even eiystalloids. 

In all cmHcs of diffusion it is obvious that any diBSolved Bubstatices 
move front the stronger solution to the weaker one, so that equality in 
fjoncimtriition is approached. In many cases the attainment of thi» 
f*(|nidity is facilitated by the. fnove*irietit of a greater quantity of the 
solvent fron'i the w^eak to the strong solntion. Garteiii Buhstatices, 
when arranged as a ptmtition hetwaen a sokition and the solvent, will 
|M?rmit of the passage of the solvent only, but not the disBolved sub- 
stance. Perfect mmi-immimbk men-ikmnm, mn they are temied, are 
not known, but a mmr approach to them can be made artificially by 
produchig a precipitate of 0 O|){j«jr farrocysnicle in the walls of a porous 
i*arth#‘nware cell If such a ccdl bo filled 'with a solution, closed, iirMl 
its interior Im comieeted with » iriarioirieter, il will, when immerted in 
the solvent, show tha prmiiiotion of corisiclamble pressure, ip some 
cases atnounling to-icvaml atmospheres. The pressure attained in 
any exiierimemt willLwhttt it has become constant, be ^found to vary 
directly with the c^ncoritratlon and to inereisc with a rise of lempera- 
tiirc. *TMi ommtu jmmMm, as it is termM, h» haem shown to te 
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analogous to gaseous pressure and to be amenable to. the laws of 
Boyle and Charles. 

It is to be noted that osmotic pressure is only developed with the 
aid of a more or less semi-permeable membrane and that the solvent 
moves to the place where the osmotic pressure is greatest. A clearer 
idea of this latter, apparently paradoxical, effect may be obtained by 
the aid of the following analogy:— 

Imagine a confined space to contain a large number of rapidly 
moving solid bodies, e.g., small shot, oscillating about and hitting and 
rebounding from each other and from the walls. The impact of the 
shot upon the walls would exert a certain pressure per unit area. Into 
the same space let a number of oscillating plastic clay balls be intro¬ 
duced, and suppose that where a shot strikes a clay ball, the two adhere 
and move about together. This would go on until each clay ball 
became attached to a certain number of pellets and complexes, con¬ 
sisting of a central mass of clay, adhering to a certain number of shot, 
and each complex moving about, comparatively slowly, would be 
formed. Let the pressure on the walls be made equal to what it was 
before. Next imagine a similar adjacent space to contain only small 
shot in a sufficiently concentrated condition to give the same pressure, 
per unit area, on the walls as in the first space. 

It is obvious that the concentration of the freely moving small shot 
will be much greater than in the first chamber, for the impact of a 
clay ball with its captive pellets will be equal to that of many sepa¬ 
rate pellets. But an impervious wall separating the two compart¬ 
ments would not be subjected to any excess of pressure on either side. 
Now let this dividing wall be replaced by a net with meshes large 
enough to readily permit the passage of the free shot, but small enough 
to entirely stop that of the clay complexes. It would now be found 
that the crowdedness of the free shot, at first much greater in the 
second compartment, would tend to equalise itself throughout the 
whole space, but the clay complexes w^ould still be confined to the 
first compartment and the netting would, after a time, receive an equal 
amount of bombardment from the shot on each side, but, in addition, 
would have, on one side only, the heavier impact of the clay complexes. 
The same would also apply to the walls of the first compartment. 
Here, then, would be the production of a greater pressure on one side 
of the net than on the other, although to start with, the pressures on 
each side were equal. 

The process would go on until the pressure set up was sufficient 
to expel, through the net, as many free pellets per unit time from the 
side where the crowdedness of such free pellets was smaller, as had 
entered, without the aid of the extra pressure, from the side where the 
concentration of free pellets was greater. Equilibrium would then be 
attained and no further change of pressure would be noted, except for 
the gradual tendency to uniform distribution of pressure consequent 
upon any imperfection of the net. 

In this analogy, the small shot represent the particles of the 
solvent {e.g., water), the clay balls those of the dissolved substance, 
and the clay complexes the molecular aggregates resulting from the 
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associjitioii of the* disHolvcul substJinco witii Koriifi of the* sol von t, whilo 
th(‘ net i*(*|jr(‘S(Mits tho st‘nii-])(M‘nif'abl<‘ membrane. 

In r(‘n/litv, thti mechaiiisui, by wliich the memf)rane elTects 11 h» 
Hk)pj)a,e«* of tlio motion of tint <lissolve(I substance and |K‘rmits the 
])ass}i^(^ of the Holvnmt, may bc^ very (Hfhu'ent to network and the 
diffennice l>etwee.n th(i partich‘s of dissolved inattcM' aiul of tla^ soKaait 
may not he om; of hut tin* analogy will still sei’ve to (‘Xplain the 
phenonnmon. 

The (;t‘ll walls of ])lants, or ratlna* their protoplasmic linings, lire 
probably coinpoH(*d of an approximately semi-pm’rneahle meml>nine : 
belief^ if they are sun'oiind(‘d with a solution of h^ss crjiicmitratioii tluui 
thf‘ir contents, they will r(‘ceive more licpiid than tliey will losi*, and tin* 
presHin'c within the cell will lx* incr(‘ased ; on th(‘ other hand, if thit 
Hohition outside la* more coiicentratcsl than tliat within, more li<|ui<l 
will l{‘avi‘ than will (mtiT, and tin* cf‘ll will slirink. The outer part of 
tlie cidl walls (cellulose) is not inm-idy scnni»perni(*ahh‘, hut hIIowh of 
frei* diffusion. It, however, has not much ])ower of f‘Xt(‘nsioii and ho 
acts lis a iH^arly ri^dd and strongly elastic mivelope for the protoplasm. 
It is the. strain set up by turgescimci^ of tin? cidls wliich is the c.hic*f 
cause, of thr? rigidity and firmness of veg(*tahle tissues in H]hte. of tlieir 
high water coutmit. (A turnip, for example, tlioiigh so firm ami hard, 
contains far more water arnl 1 (?sh Holid matter than milk or hei*r.) 

The stems and leav(;s of iilants owe tlndr Htiffness and erectni*HS to 

the name cause?.4he strain produced liy tin* elasticity of the cellulose 

envelopes, on the oiu? hand, and the water-distf^ndiHl state of thedr 
pi'ot()|)laHmic contents on tim otlier. When this iurgi>Hcence rc^laxes, 
c.p., hy (?va])oration, tin? pilant wilts atKlulroopH, liecoming (pate fhiccid. 

A solution within a cf?ll com|>oHfj(l of a semi-p(‘rmeahlf‘ membrane 
and closed liy a manometfjr, if irnmei’sed in the? ])ur(? solvent, takes iti 
the latter until tin? osmotic pressun? is in equilibrium with the presHure 
produced hy the mercury column of the manometer. If rnort? mercury 
i)t? addf?d to tliB manometer sonn? of the solvent will be forced out; 
cm tlie othf?r hand, if the mercury column he shortened morci solvent 
will c?nter and tin? volume of liquid within the cell wdll increase. It i» 
found that the pressure produccKi liy a given weight of dissoivcsd ^tih» 
stance p«ir litre of solution, at a given tein|>eraturB, is c?xactly t‘c|ual to 
the pressure which would be exertcKl hy the substicuce if it could exist 
as a gas under the same conditions as to volume and tem|M?rature. 
This latter, in the case of dilferent Buhstatices, varies Inversidy with the 
molecular weight of the substance. (Jonsecpiantly, it is found that two 
solutions exf3rt an equal osmotic pressure when therr* are present in a 
given volume of the sohition the same nuinlier of molf?culi*s of tin? dis^ 
solved substances. In the case of most metallic salts and the stronger 
acsids in im|utous solution, this law is subject to a correction, becaimc 
of the dissociation of these com| 30 unds into ions, each of which acts m 
a moleciiled 

A living vegetable ciil has, been e,m|iloya{l as a means of detecting 
the fM|uality of the osmotic pressurei existing in two solutions. If the 
'Ctill be stirrotmdad with a.solution in which the number of mob*culoH 

» ■ ^ FIdi p. 87. 
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of dissolved substance per unit volume be greater than that in the sap 
within it, the water will pass through the protoplasm out of the cell, 
and the protoplasm will shrink from the rigid cellulose wall. This 
phenomenon is known as plasmolysis and can be observed under the 
microscope. With a certain strength of liquid the, cell contents will 
be in equilibrium, i.e., no water will leave or. enter. Solutions of dif¬ 
ferent salts have the same osmotic pressure or are isotonic if they are 
in equilibrium with the sap of the same cell. 

As already stated, perfect semi-permeable membranes are not 
known, and all membranes that have been observed permit of a slight 
amount of diffusion of the dissolved matter as well as of the solvent 
through them. 

It is therefore probable that diffusion of dissolved substances from 
without and the setting up of osmotic pressure within the roots are 
processes opposed to each other, and their simultaneous occurrence is 
possible only because the roots are neither truly semi-permeable mem¬ 
branes, on the one hand, nor merely porous colloidal bodies, permitting 
of free diffusion, on the other. 

The living protoplasm of a vegetable cell thus permits of slight 
diffusion of its contents outwards and of the dissolved matter present 
in the surrounding liquid, inwards, though at the same time showing 
the production of internal osmotic pressure owing to iihe fact that the 
liquid within itself is more concentrated in solid matter {i.e., contains 
more molecules of dissolved substances per unit volume) than the 
liquid without. In the spring, when the plant juices become richer in 
dissolved matter (probably owing to the activity of ferments contained 
in the tissues leading to the production of sugar from starch, amides 
from albuminoids, etc.), the osmotic pressure, aided by a rise in tem¬ 
perature, becomes greatly increased, and, as a consequence, the roots 
of the plant, taking in large quantities of water from the soil, while 
losing comparatively little by diffusion, set up root ])ressure, which 
forces the sap up into the stem and leaves. • 

The magnitude of this root pressure in certain plants has been 
measured and found to rise sometimes to three or four atmospheres. 

It is through the roots, by diffusion, that the mineral matters and 
the nitrogen (in the form of nitrates) required by a plant are taken in 
and forced, largely by osmotic pressure (due, mainly, not to them, but 
to the organic constituents present in the sap), up into the stem and 
leaves. 

The diffusion of substances in solution from one part of the plant 
to another is made easier and does not tend to set up osmotic pressure 
between different parts of the plant, because of the fact, revealed by 
the researches of Gardiner ^ and others, that the protoplasm is con¬ 
tinuous from cell to cell, the continuity being maintained by fine 
threads passing through minute perforations in the cell walls. Through 
these small apertures, diffusion of dissolved matter in the protoplasm 
itself will take place at a rate probably far greater than is proportional 
to their area. The apertures, in fact, as suggested by Brown and Es- 
combe,^ play a similar part to the stomata in the leaves in promoting 

iProc. Boy. Soc., 62 (1897), 100. 2 pyi, Traus., 193 (1900), 280. 
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ifH'Ff* rninuis Ilf aniiniuiiieaiinn liMiurru lb*’ iiini xhv If, 

fiowi'VcT, HtTvi'K iitJHiv iillif’r fjj., MilJ'ii ai'-.' n n-’rr'|j!;irli- lor 

rr* 4 orv«' or Inr mul !«« 'hmiiio vJif^n 

an liii 

3» The Leaver an* ili*’ M*al o! iIp* iiiohI 4 fii|Miitami. vh^^iuirnl 
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hydraU'H fruiii rarlwni ilioxitli’ aial \viilt*r. of iiiiil allniiisiijoiiiH 

i’roiii till* eoriHtitiientH and th«* Hf«l Hiil|fliiit«*H liikiai in 
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mibsfiijH'i* whi(*h thi* (lf<‘(uii|iositiori[ of carbon dioxide 

It is foiim! ihiii tli«‘ assiiiiilatioa of <!arbori dioxido in rriOKfc active ’ 
jimt thoKc ra.ys of thr Hp«*c!truiii of white ii^hi whicii are absorbed W 
a^soltiiio!! <if chltirofihyll. d1iis is well shown in the accompanying 
iliiiKnon ** 0 , wliieh i^ives tie? n^lativc assimilation by plants in di^ 
tVrpni liiiriHof tlie s|it‘c*trum (e.ontitmous line), and also the relative 
absorption In'a solufion of <diluro|ihyH (dottixi line). It will be seen 
lliiil tin* iwi'M'Urves t!orri'spoiid very closely.^ 

Till' Iioxf, di;tj 4 Miiif* 7 1 i^dveH the distribution of the inten- 

HiiieH tho vn-ritsis rays of thi* solar spot'tnnn as re^cirds assimilation 
of earlion leontiritioirs line ), hr*i|L(htrt(‘ss as nuiasured by the eye 

lliroki*ii liiii- - “ • » y heatini4 effects (dotUxi line.and 

eheniieid ai'fioii on silver’ salts ('broken and <lotted iirn*“._«_1\ 



Flo. 1,“—*if MhnlhUiry imwtr, lieat and c'hoinical action. 


These two lio not- agree m to thf^ position of the maxi- 

iiiiiiii iissiiiiiliiiion, the former placing this in the orange-red, where 
flpt tlarl{«‘sl afiHorplioij Imtiil of chlorophyll actually occurs; the latter 
oil the greeiiisti side of the yellow, where the rays brightest to the 
f'ye «c:cnr. Tin* forinf*r tliiigrain is proliahiy ttn^ more, correct. 

In #i#Hiiiectjoii with the action of light upon plants, it may be 
|if»ifi!et| fail that llioiigh llglit of low refratigibility (or., near the red end 
of tli»' is iiiid-oiihtedly most active itt promoting carbon as- 

siifiilatioii, )#»t liulil of slioit wave length frrnn the violet end of 
tljf‘ ‘-pelMinij iH of iiiohI irriportance in directing the motion of the 
oi f#f r||*'etiiig iti#‘ grrmiii in Iinigth of the nhootH. 

WTIi fi'if^iofiee lo mil* knowledge of the method by which the 
r»ibf?ii 4pi\id** of file atiiiOHphere in brought into contact with the 
idilorofiliUbeoitniifditg cells, considerahlc advances have reccantly been 
libickimiy iti diiscribf^ cx|audmcntt4 by which he proved 

flint fiiiiniiie foriiid its way into (in aHHimilation) and out of (in 

^ 11-4. Im4, «|. Plant Physiology, p. 805. 

«piiiL voL m (mmh 4m. 

HI 



Ih 




XL 


I’ ‘I- 
I*, i * ,‘..j 
ii M il,. 

. I.M? M,r 

I'.rir*. J I 

iU ' i’L 1 f <*ni 
I t,i 11 in ti < i »1 

v,..M ii:#u«i 


iv>^piratiuu) lh«* U'HXr^ ^Unn^.l rxrbiMU'lv In lii^^ 
was ^pjHM-allv bi’lnnani. by dittuMrai tlmai-li ih^' * 

iiiis. " \Vht‘irihi* nil.** al. whii'h rarhiifi in a 

ously ^^rowifi^ b*af in is !ak?'ij tvAa hw^^uui, .u »i ^ 

li!iiiif‘«l HJ'**a <)! th»' sUiiiiiiiiil if i*-- «iil!i*'ii|i jt .m. 

iiiTj'ssary iiiharJmii^n ihmimh tlii-M* hIuw i-itii f/Ii*-* . 

Kseoirilu-^ ftiuiid lliat a li*uf of (Aiaif^n i 4i. 

ordinary air. taiiilaifiiii^ throo |iaiiH jux IO^hmi *a rail 
iihoiit il? «u‘. (N.T.P.I of eiirlnm dum 4 *-‘ |«a <■- 

Hnrfano |»i*r honr, i^iirardi s*|iiarr rrnt.iiia'tr*" iUm* 

Hicairala. anti oanli sUHiia, wlini fully luul an 40 i ^<1 ifOirols 

.Hqtuin* iiiilliiiiotnu ( 4UiHfr|iifuit!y. t.hi» uih 1*'4 mra *4 .aMiuat .i,. i. 
in^s only iifiiounit*d n>0'‘.l|w*r<a.iil tiflli*" wliob^surfais . 11* , d -u.i 

allsoriaiVui took by dillusioii llitou|ib Mpu.o i<*o m! 

c!arlw>n tlioxidi* fhrrai^d) fhoni mml liavr Oik*ui |4ar-- iit liiri.i!*- nl 

about 7*77 <%«*. Sj'|uar*-* oi'OliliK'ii'o |i«i' lauir. W it|i «’.or.air* 

HCKlit Hoitition thoy found lhal lli** ^a!..^• *4 al:r.ur|aa»ii ^4 *sub*»!i 
oxido f'roiH iioriual air by a fro«^ viinod loiio o l«l vi\ fii 

cau \n*r sijuart* c*.*'iitiini*to* pu' hour. Ho tiiat a b'-al <4 ui 

suidii^ht absorbs oarbon dioxiilo at idioul lialf fit*'' s|.»*''«-d 41 ^‘Jia•b i! 

woubi if cov«*rofl with a ooniinually ron«nvi-i] film of r^unisr Mify. 

tiori, and if all idmorfaifui laauirs ihrrai^h lla* ilu' raibiui di^ 

oxido must iiiov«» aljout fifty titiios fast llioaiiil'i tlp" upsutu.** 44 it 
wou'bl if tbov wiu'f* fillod with a stroni* Hobnioii *4 *siu'--Ur 

JSrrnvu arid Ksotimbo bav** shtiwii, li<HVo%s«r, tlia!. au :iir«oi'li- 

orit surfaru* is lovorod wilb a diii|}hrii|i:iii filnis'd mitm‘ 
it, t:!m ntif‘ of ditbisioii of a from tli*’ iiir mio iii«^ filrt^abiuii 

cliambnr,/^iu* Kmi arm, monsison luiormoiisly v.uili a diituioitioo of hv/a* 
of tho apfs-turo, lids hml is iiiid*U"sl«ii.^i liy .i|.|i|*iyi! 4 g tli*' kiii®‘lii*' 
tlifory r.if izasos to iho |irolilfUii. Tla* olimriro id nirv ||iv«ui iiiribsuiio rif 
carboi'Mlioxidf? iiirndni^ by virtiio of its kiutdai motion into l}i« 
|iro|K)rtiouid to tin* aosr of ita* o|i»*iiiriM; but oiiis''witliiii tJi** i-rdl its 
cdiaiiar of ruovitii^ ou!’ itniiiu is lass am! loss iw lh« of tlm iipultira 
diininishos. Now tliu rata of difTiisimi llinciiigli an apuliiro is tin* 
dilToroiua* b^twoim tha niifiibor of iiiolniuslas %%’liirli liiovi* iti aii«l oiil iti 
II gi voti tirno. 

Tils mimhsr of rriolocitiloi^. so long as llin IfUiip^wiiirrn rmmm 

mnmiiini, moving ifiwiirils k ^loly itijptiwiioil iijiciti.- 

i. Ttio iiraii of iliti apjrttirtf'-.my A. 

i, Tfici pirliiil prossyrti of ili« ciiirl.K)fi ilicitiilo iit llit’ a,lfiifis|iliiti'» 
oittnido—my lA 

Thi3 numlmr of raoliftsiiltfii incHurtgoiitwartk siiiiibirly f}apui«is apw 
L Tho iiriiii of Ihe a|Mtrtiim—A* 

i, ThojMirliiilprfiiistimofihffoiirk^^ liioitbttiiku say lA 
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iiiiiTiliitr leaving in mm iirooritl. 
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Of these quantities A. is common, P is constant, about *0003 of an at¬ 
mosphere, but P' depends upon the ratio of x to the rapidity with 
which the carbon dioxide is absorbed. This last will be proportional 
to the area of the absorbing surface—say S. 



Now the rate of diffusion is— 

X - y = ZjAP - kKP' 

= kKP - M 

Dividing by ifcP it is seen that, the rate of diffusion is proportional to— 

A g A , 

or, ijer unit area, to— 

Plence the smaller the value of the area of the aperture the greater is 
the amount of diffusion per unit area. The essential point in connec¬ 
tion with this phenomenon is that by means of small apertures it is 
possible to have, on the one side, air containing practically its full 
amount of carbon dioxide, while on the other, the inside, the air is 
kept practically devoid of that gas; consequently very little diffuses 
outwards, provided the aperture be very small compared with the area 
of the absorbing surface.^ 

In the cases of the leaves of two plants, CcitaVpa bignioides and 
HelianthuH annuus, Brown and Escombe made approximate measure¬ 
ments of the superficial area of the spongy absorptive surfaces of the 
cells of the parenchyma and of the area of the stomata opening into 
the space. They found a ratio in the case of the sunflower of about 
212 :1, in the case of catalpa of 1159 :1. 

In the case of HeliantJms the maximum rate of absorption of 
carbon dioxide by direct measurement was about 0T34 c.c. per square 
centimetre of leaf surface per hour. This, according to Brown and 
Morris, would result if the partial pressure of the carbon dioxide 
within the intercellular space were reduced by only about 6 per cent. 
If the absorption of carbon dioxide were perfect and able to keep the 
partial pressure at practically nil the amount of absorption of a heli- 
anthus leaf should be about 2 or 2*5 c.c. carbon dioxide per square 
centimetre per hour if the stomata be fully opened, or the area of the 
openings might be reduced to yg- of their maximum and yet allow of 
the maximum observed absorption. 

What has been said about absorbed carbon dioxide is equally true of 
the evolved oxygen in assimilation or of carbon dioxide in respiration. 

1 This explanation, based on the kinetic theory of gases, appears to the author 
to be clearer and more in accordance with what he believes to be tiie true mechain 
ism of the phenomenon than the more elaborate and more mathematical conception 
described by Brown and Elscombe, in which the process of diffusion is ^ pictured as 
analogous to a fux or flow of carbon dioxide through the aperture. 
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siKo t|iui!«‘ <Mp;fifU* <i! aiTf>iii4f!|f !«*>|} |s^ .isi-st, 

of Wiit.or throu^^h tho sitijiioto, aini lit*- toiivoud ijh o! • t *. ,ii» ? 

or OXV*^<*lt WOlli*! thus linl iotolloff* wnU lll*’ lUV.aoi |4 i ,> *.! H.. 

With riiVrrnoM ro !h»‘ tdioiiiit’jil \Uiirl) atiMal U'» 4 ,in. 

Lilion of oiirhcHj ilioxid** Ity |»la.iitH liiof’lt uoik l'i> 

graiiuloH fm|U#*iitiy riii’lofio »«;iMoulr'i, lu* .t 

loii|4 iiino it v%*aH ifwiu^hl l!m.t 'htarrli wiih ilii* lirHi ho4\ foniad i!> 
asHiniiiiiiivo aoi. luid t4mt iil^o lo .r-. 4 

oMtiroly fnirii Htsircdi by hydrolyHiH, 

It wiiH hIiowii ill iHHki by !^loyoi' * iIihI lUi .-* 1 , 1111 ! 1110 i.. 

< 4 f HUgar W(*ro abb* to proiiiic't* Hiirodi. b*roiJi b*iolo\»’ p*-t r*'it! 
Holutiori) lUiiiOHt all tbi* Imvos triod pitnhm4 =4siir‘li. ;i. Huuilh'i iiru- 
portion \vt‘,ri* libio to uliliHo tloxirow*. xvliib^ hIiII fr-^rr ri;iiil4 fiiim 
Hlart’.h from |»ala(1oHf‘. Ibnyvor. in IHTCI. ilm! ili»« iiiriiiaiioi} 

of carbobydratoH by l<*a,v«'*H wan |irobiibly idfr*oioti by tfir* foi'inatioii of 
formaldobydo, C) f*!r„ and itn Hiilw|io*iit, |i«il\’ifiori^if4oti, Vioy 
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inaldidtydo and Hcwiiiim liydroi 4 #*n ■ * 

(UdOHi.HCl.Na ^ <MH. 

Hy ibo addition of Hodmro or lajtawitiifi |,t||f,i,H|ib,alit tip-* lU'immm- 
tlibot of till* lodii Hiilpldn* ii|ioii th** piaiii rotilil bo |.»r#*v**i'il-rd. and lii* 
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llllf♦yf*r’H by|M:abi‘^dH v^m ibuH i‘oniirnit*d, 

it haHl«*<*n ro«*i*iilly oiil ^ fbal tin* mtai aliMirlu.^dl« 

*’i-myi 4 on Hbi!rab*4/' in all oiihi-h oxiiiidiioib 1*4 •'^iioily nidiy. iiiid^r all 
ooiiiiitioiiH of plaiil iirinvlli, iind lhai foriiiaididiydv lb** oiily |iriiiiiin 
|irOiliioi that wonbi yi*4d tliiH vain*** 

WiHliia^riiiH ^ find** lliiii bydronrii |.i*trf«iilo nrl*. a HoliilM'iti of 

imUmntmn humrlmimia xvitli llio forfiiniioii of frirfrnii*"- 

4 * KHC*C)^ ^ II/» 4 - 4 - H 

How, liydrogoit |ii*itmidit m*mm €}fu*n in wmi iti |ibiiii 
140 tl'iia hmuln mup^mitU$ lliiwor ^ lbt?ory, tbminli tlio ronvin^iofi of 4 
format# ifito foriimldi*hydo m ^tiil to lit* 

Aeocjrilliig to Brom'ii imtl ^lorriii^ mno •iiinur im |iffil«ilily i1i«^ Iii'mi 
iiMgiir forttiiMl ill this prcwtt# of amitiiilmiioti. Tlii% tmt m * 4 tip|«fitiHj 

* li'it. */MLt 1^1, Mm, Saftil i; Iwir. imi, 

^ fjiiiflwirt, ‘¥pMa4i«-t4t#L, iwti. 
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-lit Work of Parkin on the assimilation of the leaves of the 
. Its formation proceeds until the cell-sap attains a certain 
varying in diherent plants, when starch granules 
to rill, from it. These are intended as reserve materials and 
at Lit ole ed. by the diastase, present in all leaves, as soon as the 
Hi io ti ^ diffusion to other portions of the plant, sinks below a 
‘HI loontration. It is thought that inversion of the cane sugar 
H rcISO and levulose precedes its translocation from cell to cell 
rmvitose is the chief’product of the diastatic action in starch ; 
thfy i iwert sugar formed in the plant, the dextrose is first used 
H|>i ri^tion and tissue formation, and consequently that levulose 
of the plant in larger quantities than dextrose. 

•r 5 1.1 icT l?riestley‘^ have adduced evidence that the interaction of 
lioxido and water in the presence of chlorophyll yields, first of 
uilclcihLyde and hydrogen peroxide :— 


GO 2 -L SHfi - HCHO 4- 

* liy<li-ogen peroxide is quickly destroyed by enzymes which 
i\v< »cl were present in all green leaves, evolving oxygen, and that 
lUilcleliLyde is as rapidly polymerised, by the living protoplasm, 
tw>liya.rates. 

forination of carbohydrates, though perhaps the most im- 
iii 1:1 otion of the leaves, is by no means their only one. 
sitlflition, there are two processes which may be briefly de- 
t I’li^ixspiration of water, and formation of nitrogenous organic 

n^^ii'rcction is effected, as already stated, chiefly through the 
s.; Ixuiti exhalation of aqueous vapour occurs from almost all 
)fiHf id parts of plants. The activity of transpiration depends 
iifmii tHe teniperature, the humidity of the air, and the amount 
r#*C5eived by the plant. It is increased by a rise of tempera- 
' l3X'’ighter light, but diminishes with greater huniidity of 

ai'OLind. It is also regulated by the size of the apertures— 
itiii*tii.“™tlirough which the greater quantity of the transpiration 
These openings are altered in size according to the greater 
III of the guard cells. 

»««Cj[‘U.ence of this escape of water from the leaves, a dimin- 
is often set up in the upper parts of a plant, so that 
t |tt''€ 45 »sixre is aided in driving water from below. Transpiration 
iietivo in producing the rise of sap and the consequent bringing 
litf inineral matters absorbed by the roots into the leaves, there 
l?ilM>ri3bted into nutritive materials. 

* ii.fr 10 Vint of water evaporated by a plant increases if the soil 
ir oultnre fluid is very dilute. Oats were found to evaporate 
iiiiines of water for each gramme of dry produce when grown 

|if *r oent nutritive solution, but 688 grammes of water in 0*25 
It »Holx‘ition.^ 

* ^ Jour., 1911, 6, 1; Jour. Ohem. Soc., 1911, Abstracts, ii. 1127. 

1 ^ 0 V. Soc., 1906, 77, 3G9 ; Jour. Ohem. Soc., 1906, Abstracts, ii. 299*. 

Ann. Agi-on., 1897, 186; Jour. Chem. Soc., 1897, Abstracts, li 424. 
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I)irc('4. lulls l>y ili^‘ aulhur ul tli^ v» t!* ^ m*' ]i < i ** 

]) 0 tak) plant in^suil. -iilT ^rainin^- Imt • ^ i’s • 

solid iiiattoi* forinod. I1iis %%;v‘^ on nniinfii3yi«*l ■.« oi < i-'. 

atinosphnrn (d ihn lVn!iH%-inii in VMt, A pamjj* } • • | * ^ ,n • s. < , - . 

wnll inanurni with lasir Hhi| 4 aiji! |»«4asAiiiii ni^i.i^-, .u'o I " \noiH . 
of watnr tni-nH|m'nd for vni’.li i^ritiiunn of dry iii.on i 

The buiidiii|4 np of iiifro^^nirMiH, pioiind iiiiiil.fi in-ui h <o . 

and nitrat«*H or aiiininniiiiii sali.n is not ilioron^,f;hli unfi^ i ^ n,.,? i li r. 
I^nainrally statnci that tin’ iiroH^nn* ol liiilit is rsv^-nii.il "k 
and that tin* prodtiniiofi of profoidH froiii .u,4 

(juirnH tin* onnroy ijf li^ht ki hriii^ alwiiit il$^’ nrf*-» 4 io-ds^ijoi’ <,! 
nitro| 4 nn anti Hid|:)hiir from llnir ri^nlisod ooiiiponnds,' I pf n ijirj.n ^ 
inado racfniily, nHpoi'ially in dapain lliai hadfv, 1'i^‘h‘^h it»”4i.is 

and potatonn am aldf* I'irodni’*' proii-ids fium Siitmt*-* n. «’u!Mp|*4f 
darkrn*HH, providnil lla’y In* Ntj|.p|ilioil with ii oi , 

with HHiail (|uantitii*H of mum’ no prolinds wiao Unttinl, I fonts’ lin* 
nncoBHity of li| 4 ht in prot«*id fonnalaHi roiilly slf|»«ai4-H tip* pro- 

duction of aburahuKa* of oarlioliyrlmlrm. AHpaniiiiip* sh pr.olfiil:»li an 
intemiodiatt* |irodii«tt liotwof*}! niimioH iind port^^idH iiipi 
in this plant if th»^ coiiiliiimiH for proioid prosliiiiiioii iirr ii«l 

Sincn anparagino HiNaiiH iiiifioulitpilly In In* prwliii'ifd from psotoidn 
when tranHkmtion (if tiitrogonon^ rtiiillin' iiikps, plmpn it ilnit 

amideH are pnahietH la.ah of liimhdimi mitl kiifiJpohmi/ ft Inis hmi 
nhown that in many plaritathe iejw*H inii in llii* tiNii'iiiiigrofitiiiti iiiindi 
lesB Htareh and nitrogeiimiB iniiteriid than Niiiiii.iii' nil in ilp* 

(Waning, proving that during lh«‘ night tli«*r** in ii oi sturpli 

and alhuminoidn dnrifig the day in to iiiliri- pniis of 

the plantd 

The Flowers and Seeds..“The ffiriitalioii of flriwrrn .nii 4 m 

a prooesH which, in iiiariy jilaiilH. k iho tiiml mil u( lladr %4l*lily,. l.ltir* 
ing flowering, trim reapiratiorn hr., tmifkllon erf iiialter 

and evolution of oarfiofi dioxid#!, Iake% |ilao« ntpidly llniii 
and in noma imses to an imtenl snftitrfioil Ici liriiig alsinl a w'ii«iiy« rwp 
of tenijMfratiirit. Ii iriiist las r«fiiie!ttb*r#^l tliai rinijiirtiiioii u^n*n 
during the wholif of a pktil^s iiiitive t*iii*iteiiep, liiii tlnrifig fiiiUiglit k 
more than coiiriterlMlanissl by the »ssirfiilati%^e 

In eeriiiin fur llii* girki moil of 

seed formation occtipie# the whole of ifndr fir%i yi«r*# lif*^ \ Iti gp 
store_ of^ riMirve iiialitrial m ritlier in ll$t« irsii oi 

and during thii mmonA yw this is iitilimsl iri iti** |ir(sliiclioii of ti lloiipr 
Htem. and »e«ls. 

During the fortnalbn irf ati«I a irf iiiitriliif mmltn 

from the slciii, root and foliage iiilo llie m%nl tahe# jiker, nf^d 

* CMliWiki, Jour. Clttnt. Sec-., INif, li fim 

* Kirawljiili^ loaf, ntwsi*. Btm,^ IW* ir $1 j UumAt, Jf«f t I'ppi 

Hoc,, i8mi, li. nm. 

^VMe. Wanniliefl* Her. cl»t. ^ihwi. PMmi Joiir. OVui. h^p . 

«tmct». li. and Swuri and ilMmim, tnm, ‘iPi, Snm, rti^-iiP ,, 

BIOS, AhnitmU, IL iSf. 

Jimr. C/li^a, Sot*., A'Wrael% II. SW* 
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nmiu <.r th.- an- tl.u. <.f nu.sl uf 

.•oimtiliu'ijts hi iiiativ I-IhiiIh th<- inuximiiiti luiu.iitil’’ "t mi n -i' 

in-til. ■.■avi.H, smins. W... nnn....l.umly liHum 

“'’"r'sSn of f(K..l .naliMial. inmn.l.-l lor .th.; 
plant, aocu.milatos in ihn so...l. 

I wms osHnntial to plant lifo. Of narhonanomm mattor, l.nwo a. 
two vari.-tioH occur. Sonic scc<1h contain 

hydrates, chiefly starch, while others arc practically ilevoul o! st.-t 1 , 
hilt contain fats nr oils in lai't'e projiortion. 




Cir.AI'TKIi XII. 

Citoi’s, 


In this cliuptor vviii 1);^ j'u-on h short iicKoiiiit of th<^ oh.<iiiifal f-hir 
steteristicH of tho cIiksI crops of ih,. farm. Hour, of the orotM <lfscrih.-,f 
ea,iui(H hogrowii suocessliilly iii loinpi-niii. climatcH, r.-/,. llnolaiKl hut 
arc meludod hiicausu of their i.«,x)rt,t.ic.,, as foci „uillV ^ Xf 

:r;r>Lf ... “■■e-* ^ 

..«• 

.nos'l'iS "" '* .. 

ThetfB mfiy be Huhdivided into 

(a) CcTOilH-wheat, harlty. oatH. rve. luaiste, riesr. 
Horglniin. » i . i 

(h) huguminoiiH sr«is -hoauH, pras. IciililH. hipines. enrlh nuts 

Cl!) MIscdiHrieous wmlH-huckwheat, cottoiiHwi, 

, 1 . Tf'''"'’ *******f'*’”'*«'i Htadloww * 

l^l) l'riiits--apj)lrn, pjai-s, plums, aitricots, wsachus ciherries 

2. IhosH in vvhicli the root or tulair is tiie most vahiwl in-fuhiei 

ss&r ’ 

Thi^rd.-"'"”" ... 

(o) GramiHBouH emps. 

(f)) liKgtirninous fodder croiw. 

(o) Minct*lliMK!oiis foikler crop. 

Coash 1. GRAIN CROPS AND FRUITS 

“ 

flUUtt ‘ ponions ol ttn* imd Mfraw viiJm 

«l.c. wl,«.h „ ,.ppa™„tly i. 

{Moj 
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!h«‘ iiiptals, y chietly potassiinri, being iLsed in the plant, the 

siiic i })i*ing tliiiH nnn'nly an excretion. PotaBh and lime are also present 
In ;i l«ss (‘Xient in e/s'eals than in other farm crops. Owing to their 
iiHKlest fli‘ina!i<ls for ])otash, lime and nitrogen, cereals will grow for 
m;in\ s“asons in succ‘ssion upon soil which has become so exhausted 
as to yif'id litth* or no r<‘tnrn whcm planted with kiguminous or root 
rrops. 1'hfv, howev(*r, a|)|)ear to depend foi’ their nitrogen entirely 
ii|K)n iiitran^s in tlui soil, and as tlieir growth is practically ove]* before 
lii** grrat s!‘ason for niirihcalion l>t‘gins, they deiive great benefit from 

iiilrog^mous lua.nures. 

Wheat nilij(ur), being iisually autumn sown, has a longer 

p'lio l growth than harlt*y or oats and is consecpiently better able-to 
s!i|)ply with th<* necessary food from the soil. With a wheat 

C 'Op. however, the laml losfis the spring tillage, which is conducive to 
iiitrihcation, and therefore*, nitrogenous manures are perhaps more 
i rquircMi by wheat tfian by th(i other ctireals. 

Wheat straw is rcanarkahh^ for the excessively large amount of 
aial sriiali amount of nutritivci matter which it often contains. 

Wheat is |)articuiarly litte.d for human food owing to the light, Bpongy 
and |»aiaiable l>read w hich caii be made from wheat flour. This is due 
to the ricluiesH of the. grain in f/luten and the peculiarity of this gluten 
as coinparefl with tliat occurring in the other cereals. 

Acc«>nling to Osborne and Voorhees, the proteids of the wheat 
grain cjoiiHint mainiy of gliiwlin and glutenin, together with smaller 
r|uanyiieH of a globulin, an alhumin and a proteose. The average 
iiiirogtni content erf tlu'se proteids is 17*6, so that the factor for con¬ 
verting nitrogim into protrdd in the case of wdieat should he, not 6*25, 
blit only 5*CIH. If this wfU’e adopted it would diminish the proteid item 
ill aiialyHOH ami corres|K>ndingly increase the soluliic carbohydrates. On 
hydrolysis, the wdicat proteids yield relatively large amounts of glutamic 
acid. |irolhiij and Irmcine, but Htnali quantities of lysine and arginine ; 
Iryptopliitiio and {uHiidine arc prese^nt and a considei’able amount of 
iiiriirioniii. 

Tli« pro|)ortiori of total protein in wheat varies considerably, spring 
containing more tlmn winter varieties, hard or durum wheats also 
!i iiig high in protein content. Climate, too, has an enormous influence 
upon the pr 0 |K)rtion of protein in the grain; samples grown from the 
saiiiJ H»»cd in «IifTcrciit districts often show a variation of 50 per cent in 
tlicir protein content. 

The atiiilyHCH given of wheat from various countries (p. 250), com¬ 
piled by Kfbiig, will indksate the sort of variations shown. 

The aciiiiii atnouniH of moisture found are given in the following 
tablt^ but tin* figures for all other constituents are calculated to a 
hasiH of I-hd7 per cent of moisture, so as to render comparison easier. 

I III the cam* of wheat grown in Kansas, a protein content of 22 per 
is by no siieaiiH tmeommon; such wheats ai*e hard, and horny, 
wliile ill kiiglarid and B<,i 0 tland, where the plant takes longer to mature, 
the grairt in soft and starchy and may contain as low as 10, or even 
less, per cimt of protfnris. 
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Till* I'lf flotir, #V., itn cmjmc'ily lor yi**i*liri|| liirgi* 

wi*il»Hhafa‘(1 loavi*H in baking, ilotorniiinii, iicaainiiriii to WimhI/ by 
twofactorn: M) thn aniount of oarlion diimidi* in*nh*i*4| in tin* 
wl'iicli in flftni’rriiniH'l by thn anionrit of wigur jiri*Kf*fii in tlio llfiiir, 
tO| 4 i!thf*r with that prcKlnewl by thi* ac^tioii of ihi* wtiili* iln* 

dough m riwing, anil (2) tin* cToiiHiMtoney of tin* Thin Inai’* 

nvnr, donn not di»janirl ontirnly iif.ion ibo aiianiiit or el ion non I eoiiijiOHi* 
tion of tin* gluten, lint |«irtly de|w*iiiiH ii|Mai lb* iickliiy ntnl 
eonteni of the lii|tnd in the dough. 

Wheat grown bent on a firm nei*d |■w*fl iiiiil llieridort* in 10 

noiln eoritaiiiifig a fair lunount of binding eoiiHlilniniif^-.clay or 

rather tlian to ojuni, Hamly moUh. 

Rye (Hemlfi rermh^ eloMely rcHiaiibltfii wdteiil in eorii|K.e%ilioii i«m 1 
rr‘qiiiri,*rneiiiH. In England it h not ofiini grown for griiiiu bill on lliti 

cjcmtineni of Kiiro|-|i* it forrim a large |ircija«1toii of lilt?- fca-«l of lliii 

jawintry. 

The pmUMn of rye have «*xa.iiiiii«^d by C Ifiticrfii*. who found 
them to coiwiHt mainly of a glindifi, wtiifib* iti iilmhob 
a prf)ti*oHi,% M3>liiblif in mdi mdiillorn an iinidentiliMl laotidil iiiwiliib!** iii 
Halt Hohitkin, nnd a Msiiall fiuantity of a wttti*r-«4oliihie leiicci*iiti. Tin* 
averrige nitrogen cMiritiint of the rye |irot<*iclH in I7di, ho tliiit llie iiilrOg»‘ii 

in ry«* Hhoiilil Imi rrmlii|ilii»I tiy inateiiil of to give tin* jjroliuin 

Kdnig givm, m the avemge craiij.io«itiori— 
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Barley ilUu'dntui dUikhtiin, iwa rowed; //, vnUjare, four and six 
lowini). lids erop, v spririj^C-KOwn, is suited to light land 

w.'Ii providffd with plant food, though not too rich in nitrogen. Barley 
i-. grown cddefly for irsalting pui’poscts or for catthi food, though in 
saitir eoiililih's if is usod for l)r<*ad-nuikiMg. For malting, uniformity 
of grain is oiso of tlio iuost intjioriaait points; a low ])rotein content is 
siIhu dfsiraliio, so tha.! r(*gular distrihutiofi of tlu^ umnure on the land 
aiifl avoidancie of ex<;essiv(* sup|)lies of nitrog(ui are important points 
in its ciiliivation. lln* wid<* au<i narrow eanxl types of the tw^o-rowed 
vjij'ieiy are l!if» fjivourile brewing barleys. 

Koiiig gives as the iriean of 120 analys(‘H of German bavley— 

Witlrr. I‘'at. (^arholiydratcH. Fibre. Asli. 

iisgi a-m i'HO r,r,-7r> 4-77 2 - 7 i> 

while Hal! found, as tla‘ mt*an of 21 analyses of Ghevalier barley— 

I die fWK)(; 4T0 2*27 

The protein eontent ranges from H per cent, or even lower, in hrst- 
dasH nialiiiig barleys, to 10 or 11 per cent, or even more, in low 
i|Uii!iiy malting barleys, though obviously the latter would have the 
higher value for ff*ediiig pur|K)He,H. 

OnkirriiG foiiml that the proteids of barley consisted of insoluble 
protekk. 41 per cent, hordrdu, 37 ptu' cent, leucosin, 3 per cent, and 
efIeHiiti and protf‘OHe, 19 |H!r cent. Ilordein, on hydrolysis, yields 
mucli the sarin* prcKlucts m ihi*. gliadin of wheat or rye. 

The ciirliohydriiiitH of barley grain consist chiefly of starch (about 
fifi |ii*r vMii of thf^ dry inatterb sugars about 4 per cent (including 
HiicroHi.,% dextroHit and rid!inoH<!| and pntosarm and furfuroids. 

Burley, clivifHled of its outer, fibrous coating, constitutes “pearl 
liarlev,** iisifl for ciilinaty purfsimis. 

Ttir? straw of liarley is more |ialatable, digestible and nourishing 
iliari that of wheat or rye, and is much used as cattle food. 

Oati CJ riuia miim) are €a|>ahle of ri|Hming in cooler climates 
Ihari iiirml of the other cereals. Many varieties are known. ' The 
griiiii ill its finished stoti? retains a considerable proportion of husk— 
viiryliig from iihmi 19 cent of the whole in some old Scotch vari- 
elkm Uf S? jM!r imii in some of i\w newly intro<luced varieties. 

CMts are timrmiimmHl by a high pro|)ortion of oil, albuminoids, ash 
mid criidft lllirf!. They are liable to eonsiderahle variation in composi¬ 
tion, llOWeVWV n 1 . ia if 

Oslmme found that the proteids of the oat consisted chiefly ot 
three—sciliihle in aloohol, common salt solution, and alkali respect¬ 
ively- the tiMiati nitrogen cotiterit of these three proteids being 16-4 per 
cent, so thiit the factor for eon verting nitrogen into proteid would he 6*1. 

The Htniw of oats is even kdter as a cattle food than that of barley. 
Clat-iiiiv, iiiiidi* hv lotting the crop while still green and before the 
gmiii is ripmiHl n largely usi^l as food for horses, mules and cattle m 
«oiiie eoiiiitrieH. r.*/., H.. Africa and America. 

* Ifrtir* Atiicr. Bcki., 4S5. 
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Mai/,e, liidlan C«rn» fir “ Mealie-!^ wnf/si iHnur ai tin* iihp4 

Till* IH hy‘^«*ly u^i«i frir liuiii.m iih UmmI for c*ii.!ll*% lmrs**H 

mill fiiuli'H, anti tin* li^avi'H hihI Htiilli mu Iw* im 

Ily liiir nl’tii' rt*iiii#val «if tli** bmii. it yii’lfln " I’lirii llniir** 

c»r “ UH«*fi as a Hiilmtitul** ffir aricm’itail aiiil in i!fM»li**ry, Tli*» 

iiiiri|M* on thf* cob is faiiiHplori‘i| a «lr4icacy t»y mmu'* Tlic 

or i4li<*iithi4 of tin* <trili mii Iff iraiflo into |ii|M*r, 

Thf* iiliiiit h a iiiajimib oiif, HmnHimm iiitiiifring ii licii^ltt uf 12 nr 
iri ft. Tlio iiiaio flower in Iwiiii iti the to|i <if tlit* Hteia in ii fciiilicry 
whiiii the ffnriale Howers, imiiiilly 2 or 3 on racli Nliwii. grow 
out from tlni! iociln of the Iciivch ern'r*lojM*il in a sliriitli. 

ilii* long, often |iink, stylf'H hiiiigiiig out from tlio Io|ih of lln^ iflieiiilw 
i%H Hilky fibimmitH. Afi»*r fcrtilisution film |irilli*ii oflr*ii la*itig wind 
l«irnt*|, tlic flowers form an eiir or ** tmli ** of a 

4‘fntral (ioriical tvtMaly (!orm w‘illi the grain ii.r'iiiiigccl regiiliirly iirciiiiiil 
it luicl enveio|ii*<i in scvmiil 

Miiiiy viirictics are known, filffcHiig in iiiKc, cirilciiii% iiiiiiilmi" 

4if rows on ihif r?oln amt other j»ro|M»rticM, 

l*hi' viirieliim may be oIiiHstsi into tivi* ly|ieH . 

I. I hut rnni; in wliicli the starchy tiiinit miwH of lli#* grain im no 
velojifHl, eHoe|)t iii the top, by a horny layt*r* As the wltit.«% flfiiiry 
itinm* sIiutIi clries, mitraetjon oociirs, ^vliioh h remsl«l by the }it#riiy 
liiyers, iiftil tlwrefore prmliie«*« an itirlentiilbii iit tin* loji of lliegiani. 
This gives file grain a Hit}i|awfsl resemltlaiici! to a torilh. Iimiee I he 
liaiite deiiL 

i* Flmi roro, in which the white flow'ery staroli is enlirely wii» 
roi.ififlt:fi liy tlit^ horny layia'. The giniri ttiia-efore mmhm HiiifMilli mi4 
ootivei lit the tofo Flint ocirii bafi ii translucent ii|fjif«iirtiiit*t^ im4 fiiai 
b** wliifi* or oolotire*! 

li Ihp fftrfi, ill whbh imitrly alt Ihe ataroli in Iwiiii). 

4< Hrt/i mm or hmml corio in which tfno'c h |iraiiliriiily iwtiif* nf ibf^ 
horny ecmling. The gmiii rerimtiw aritcailli on ilryiiig, since mminmima 
Im iiiiiforiin This vmriety m ojiMfiie in a|i|«*iiriiriOi% 

J). Hnr-p! mmm mnar rora, in which thesliiroli m |»4i1iiilly ie|#|fiife#| 
ity siigar (0nmm*p lltitih grain in triitifilt4c#oit mid. fn«iig to llo' gfeai 
«firiiik«gi? ill drying, very %frinklt«i 
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Maizf? rrquir«*s a waiiii climates and abundant siuiBhine. In most 
Hoiis tin* niaiiun^s tiff^lnd apfHsar to bo phosphates, lime, potash and 

iiitroj^nit, in tiu^ orcitM* 

Ill oninposition, tin*. rnai>^e gi’ain varies considerably in the 

diflVreiit types. As a ruh* the pro])ortion of fat is d63peMdent upon that 
of iiioot*rin ill the grain, while the. nitrogenous matter is chief y deter- 
iiiiiif*d iiy tlie proportion of hoi'iiy matter preisent. 

'File following table gives the average composition of various types 
al! t he figurt*s, ex<ie|a thf)se, for water, having been calculated to a basis 
of an average content of UJ*)i2 per cent of moisture :— 


Aiisi-ririii}, Di-nt (iOHf 

Flint 0H7| 

,, Swr»'t (571 

„ Hrii (n|, 

,, hqfmmt I'll 

('■irriiMin (F5I|. 
ilttliiin iMi 



f’rntcin. 

i Fut. 

(Jarl>oliy(lrat(!H. 

Fibre. 

A.gh. 1 

10*07 

0*H6 

^ 4*95 

58*70 

2*20 

1*47; 

10*15 

10*18 

^ 4*78 

58*64 

1*68 

1*40 ; 

H*7l 

11*40 

t 7*77 1 

52*85 

2-85 

1*81 • 

8*00 

10*70 

! 5*00 1 

57*84 

1-73 

1-40 j 

10*70 

10*95 

i 5*08 

57*60 

1 1-76 

1*29 i 

in-m 

9*58 

! 5*09 

57*89 

2-G5 

1*47 i 

1H*I5 

9*97 

■ 4*12 

58*04 

2-09 

1*86 ! 
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The proteidH of maize, according to Osborne,^ consist chiefly of 
::em anil a protekl sohible in dilute potash solution, together with small 
of niatjmn, a glohuiiri, an ediistin and a proteose. Zein, on 
liyilmlyHiH, yiehlH large c|uantiti(m of leucine, glutamic acid, proline, 
plierivlalaiiiiuy tyrosine and alanine, hut no tryptophane, glycine, or 
I y HI lie. 

IVi the iilmence of tryptophane, the inability of zein to serve as 
flic Hole riiirogeiiouH kunl of animals is attriliuted by Willcock and 

I lopliirw/^ 

Others altribiiti* the ill efTects of zein u])ori animals to the presence 
of pheriyliilitfiim! mid tyrosinf*, from which phenolic compounds are 
niiflily Hplit iitb and to the |K)iHonouH elTects of the phenols thus 

ifiriiieil. 

Till* airboliydriiti's of maize consist chiefly of starch, but sucrose, 
gliicrwe, ii#*xirin iiiid jnuitosans are also present. In the immature 
Hwcet Cong the migar miiy amount to as much as 9 or 10 per cent. 

Kice (Orti^a nailm) in m most irnjiortant crop in many hot coun-* 
tries »iid forms fJie Hlaple food of many millions of human beings. -It 
iH geiienilly In hot, swampy, unhealthy districts, but one 

vimpif- iipliifid or hill rice—will grow at an altitude of 6000 ft. and 
^vitlioiit irrigiiiimn Organic nitrogenous manures and superphos- 
phiilm iippmr to be the chief manures used. Whoh-rrice or ''paddy’' 
H fairly rich in proiein, fat ancl ash, but when deprived of its brown 
hunk and Hubjeeded to a milling process which also^ removes products 
known IIS ** rice hrari ** and ** rlco jioHsh/' the lamiliar white grain^of 
rriiiitiieriji* H which consists mainly of starch. Such white rice 

Aifiwr. tllumi. Bm%, .1807, 19, 525. 

Jriiir. PhynlcL, llHXl, 85, HH. 
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if Used an Ihi‘Sill*'I'fHid f»l aiiiiiial'* nr hiiii'., |«jM»iur»- i h*-# .iU!!,}*-.? # 

i)f a.-|)f il\nt'urit i*^. *'"Ihi.]- 

!»(• (!ii«‘ t«j liji‘ truly ri«a* uf fh*' " \ i!:yiuf“ » •'!,!] u 

tri growth, ami it has huun Hhuuu llial Ui*- addii'iiH* y, ifi* »!)«■! « 1 a. 
<aaiHjiju‘alivp|y Kiiml! (|imiiri!y \in-4i u^. 

did'cca, and |i<TiiiilH uf nranial tin- .urii 

is«‘Hs c:if ths* litiHk in vitiiiiiini^N 

'Thr* !'ollowin|4 iiifHlyHnH an* : 



\larAj ri**'. 

l-i 

W!uO' i i' 

II ' 

■ 1* ..:,V- 

Mo'muifr 

ilriol 

*in« <1 

LA't 

n 7 

10 'i 4 


T'O 

H*V 

7-1 

-r, irl 

11 V 



trr* 

O'l 

: il'V 

V ^• 

C'iiri«4iv<lratri^ 

h 1' 7 

nn*:! 

V*<':? 


r/f li 

C'riis|»- libn- , 

ta 

tl*n 

ir 4 

V n .■» 

h .1 

Adi 

I'l 

1 

*r| 

I'jpf Sou 

n '7 


Millet. Many |da-nfH ntv iiadndrd iiisd^a- ijy^ I 

Miilint -f^u!mmuni mi aiiniial, ii dd^-r. 

*'Pi'iiii inillut” i»r '‘Kaffir manna rrmr' i<i f .'fn.'i 
U alnn ^rown for foran*’ in Aimnina. Iih !%:«•*»<!, on a iyuk# Id^r 

hnadj in Hmall, Kiji noiitiJiim a aiiionol of lit! r-* id in 

a Tniimvaaf wynjiln|. 

“ lliiiiaii or “ iirillol/' '' Uorman iopi ” llnn|,fai'jai) 

arn viiriotion of Nf-niuii il'alirn. wliirii lo a "d d or 

4 ft, am! Iiiivi* broiMl 

Boor maiiiia or foxtail iidllo! ir'^u-^<rliloa rfnlnmi an a 

fotai^n oro|i, aiifl itiakc^n u^idiil liay if' mil tiolom iiialniil'v, 

Sorgli'lifii. - Of iImm tlifi'o iirr M‘Vi*r«il iir*<' liirnidv 

l^rowii both for foragn mul for griiiio 

mmjhiimm .SVoyliwwi i r«Vo*" i- 

groivii ill Hoiilli Afritm* tlm griiiii iMaiin' ii^#M im for IppHr f^^iiilli i 
iirid initivim. It;k iiko krifnly imn#lfiy*'#l in i|i*» iiittniiliirf.«r*‘ul Kullii 
liifnr liy llio 

lliirrii or ihmtm, rmu, mnii 

iirid llroriiit eorti, nn? vmrh*iim of llsw rri#|i g?oi%ii n* %iinoir-» lioc 

jlrooiii eorri^w noeAllwl Jilim- 0^1110%a| *4 ih^' 

gniiio am nmni in Iho timiiiif^ttirn of briwii^ aii4 lirii%li*‘fc%. 

' ^Imi m*m\mmnt thm itiilbtw innl wgfiiiitm itn^ Imhh- to 
• oHjn^iiiliyMii ihoir jmiii#iliirii i%liir|i nlmu 

yifflcl liydnici^ttie lulii i,f |rii^ifiiog of h4 

ymmg Morgliiirti mm Wrly csoitiioom Vp to Hto of lil dlur) alip* 

add j#i*r |M>inifl has liwii kmml i« caieor ifi ilir girrn iiiatfanil %i%4 d 
k flioiiglit iliiit ariylbitig mtmmmdUm half a gmiii i,l wnd 

}if»r fniiitirl of gi'itciit fmlilor way rm* tci js/Notiitig, 

Tho follcmdtig aro mmhnm of tlio mmlm of **r%rriil miltr-n. gi.y 
wruhitiijs:— 
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Panicum 

uriliacemii. 

Pemiisetum 

spicatum. 

SorgliuiH 

vntgare. 

Seiaria 

italiea. 

Water. 

12*5 

14-0 

12-8 

9-5 

Protein. 

10-G 

11-8 

9-1 

9-9 

Pat . . . .. . . 1 

3*9 

4-0 

3-6 

4-7 

Carbohydrates .... 

61*1 

57-4 

69-8 

63-2 

Crude fibre. 

8-1 

9-5 

2-6 

7-7 

Ash. 

^•8 

, 3-8 

2*1 

5-0 


100-0 

100-0 

100-0 

100-0 


(h) Leguminous Seeds. —The Uguminoscs differ from the cereals 
ill containing much more nitrogenous matter and lime and in being 
poorer in silica and phosphoric acid. 

The principal leguminous crops grown for the sake of their seed in 
Britain are beans and peas, but in warmer countries many other legumes 
are available. 

Field Beans {Vida faha) generally do best on heavy lands, being 
sometimes planted in the autumn (winter beans) but often in the 
spring. 

Many species of leguminous plants are known as “beans,” the 
chief varieties grown as farm crops (chiefly in tropical or subtropical 
climates) being Phaseohis vulgaris, kidney or haricot beans; P. 
Imiatus, Lima or Java beans; P. radiatus Adzuki beans; Glydne 
hispida, Soy or Soja beans; Mumna ^otilis, velvet beans. 

Ail beans are rich in protein and form valuable, concentrated 
foods for men and animals. The occurrence of a poisonous cyanogenetic 
glucoside in Lima beans has already been referred to {vide p. 228). 

The Pea. —The field pea {Pmim arvensis), the garden pea, P. 
sativus, and the edible-podded pea, P. macro-caroms, are the chief 
species, of which there are many varieties. 

The soil for peas should be rich in lime, but not too rich in 
nitrogen, otherwise the yield of seed is small. 

The “Chick Pea” [Cicer arietinum) or “gram” of India fur¬ 
nishes a seed which may be used as food. The crop is well adapted 
for dry, hot climates. The haulms, however, are of little use as 
forage. 

“ Cow Pea” {Vigna oatjang or Doliohos sinensis) rather resembles 
a bean than a pea. The seed may be used as food, or the whole 
plant, cut before the seed is ripe, forms a most nutritious hay, greatly 
relished by stock. The plant withstands drought very well and 
attains maturity rapidly. 

“Pea Nuts,” “Ground Nuts,” or “Monkey Nuts” {AracMs 

hypogaa) grow well in hot countries. After flowering, the stalk 
bends over and enters the soil' beneath which the seeds ripen. In 
harvesting, the crop is ploughed up and the plant and pods forked 
out. Several varieties are known, some with two, others with three 
or four seeds in each pod. The seeds are used as human food, and 
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very largely for the extraction of arachis oil, of which they contain 
from 40 to 54 per cent. The foliage makes good hay. 

Lentils [Lens esculenta) furnish seeds which are valued for 
culinary purposes, while the ‘Wines ” form a good fodder for cattle. 

Lupines (Lupmtis spj).) are more often used as green manure 
than as food, since they contain a bitter alkaloidal substance which is 
distasteful and maybe poisonous. Three species, viz., white {Lu 2 yinm 
cilhiLs), blue (L. hirsutus or migustifolim), and yellow {L. lutem), 
are chiefly used. They grow well in sandy soils, and when 
ploughed in, furnish large additions of organic matter rich in nitrogen. 

The characteristic of leguminous crops—their power of obtaining 
nitrogen from the air, by the aid of bacteria inhabiting nodules on their 
roots—has already been described. 

The following analyses will show the general composition of 
leguminous seeds:— 



Water. 

Protein. 

Fat. 

Carbohydrates. 

Fibre. 

Ash. 

Field beans .... 

14*3 

25-4 

1*5 

48*5 

7*1 

3*2 

Lima or Java beans, dry 

10-4 

18-1 

1*5 

65-9^ 

— 

4*1 

Broad beans, dry . 

18*5 

25-3 

1-7 

48*3 

8*1 

3*1 

Kidney beans, dry 

11-2 

22-7 

1'9 

5C-4 

4*2 

3*6 

Soy beans .... 

10*9 

37-6 

16*9 

24*4 

5*9 

4*1 

Broad beans, fresh 

58*9 

9*4 

0*6 

29*1^ 

— 

2*0 

Kidney beans and pods, green 

89-2 ; 

2-3 

0*3 

5*5 

1*9 

0*8 

Peas, dried .... 

14*0 

‘22*5 

1‘6 

53*7 

5*4 

2*8 

Peas, green .... 

74-6 

7-0 

0*5 

15*2 

1*7 

1*0 

Cow peas, dried . 

13*0 

21‘4 

1-4 

54*7 

4*1 

3*4 

Pea nuts, dry 

7*2 

27-0 

43-0 

19*3 

2*3 

2*2 

Lentils, dry 

14-0 

26-5 

1-9 

52*2 

3*4 

3*0 

Lupines, yellow . 

14-0 

38*3 

4*4 

25*4 

14*1 

3*8 

,, blue 

14-0 

29-5 

6-2 

36*2 

11*2 

2*9 

,, white . 

14*0 

29*4 

7-2 

34*2 

12*2 

3*0 


^ Inclusive of fibre. 


(c) Miscellaneous Seeds.—Buckwheat {Folygoymmfagopynmi) 
is largely grown in the warmer parts of Europe and America, the seed 
being used |^gely for poultry food and also in cattle and pig feeding. 
It is also uiAfor human food in the form of meal. Its flowers yield 
much honey to bees, and when cut green it yields an excellent fodder^ 

Cott(^{G-ossypium herbaceum) is largely grown for its lint and 
seed. IfeTOquires a warm climate, and does best when frequent rains 
and a damp atmosphere prevail during its early stages of growth, and 
hot dry weather during the ripening of the seed. 

The seed is enveloped in the lint contained in a boll, which is about 
the si25e of a hen's egg. About 300 lb. of lint and 650 lb. of seed per 
acre is the usual crop in America. 

The seed is very nitrogenous and contains from 20 to 30 per cent 
of oil. The “cake" left after expression of the oil forms a valuable 
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iui<l imicli iiscd Ktuff, being very rich in protein and in phos- 

[liioric acid. It, ho\v(!V<M', sotnetimes acts as a poison to vouna- 

aiiimials {ridt (!ha|). XIV). ^ ^ 

Flax or Linseed (fAuirtii is grown either for seed 

or fihiv. Vor tlir fonrifo*, a warm climate is generally best and the 
is soiijowha! thin 25 to :]() Ih. per acre. For the latter, moist 
cfKilor are bt‘si, and the seeding is thicker—about lOO’lb. per 

smie. in Aminica, a [jiir yield appears to he about 16 bushels fof 
56 III. per bushel I of seed arul about 2(K)0 lb. of straw. 

idnseed is cliietly valued for the oil which it contains_30 or 40 

per (!*»nl wldle the cak<i h'ft after the extraction of the oil is very 
rich in nitrogenous and rniiunul matter and forms a valuable food for 
c;attlfs Idnst*e<l oil absorbs oxygcni from the air and is, perhaps, the 
hi»Hi typefd a firying oil. It is (ixtensively used in the manufacture 
of paints and linoleum. 

Castor Seeds (likmm (mnmu?m),--The plant in warm countries 
is a fiereiinial mu\ grows to a ti*(‘c 20 or 30 ft. high. In cooler 
rliniates, wiilf wintfu’ frosts, it can only be grown as an annual. It 
grows well in almost any soil, hut best in a rich, sandy one. The 
plaiitH cajinnienee to bear when four or five months old. The seeds, 
whose resemblamce to a tick gave rise to the botanical name, are con¬ 
tained ill a wockIv €a|mtde. llus seeds vary much in size and colour, 
according to varitdy of plant, and usually contain about 50 per cent of 
oil, wiikdi is iargftiy UHiid m a lubricant, for burning, as a medicine, 
and in the miiimfaoture of soap. 'Ate cake left after expressing the 
oil is genru'iilly uhhI m a manure, since it is very poisonous to animals. 
Irtiiiiunity, howevi»r, to the |K)ison may be acquired, or the poisonous 
niiitf'riid, rkinim,^ may la? extractal from the cake and it may then be. 
listed iiH II foot]. 

Sunflower {lidkinlhnn (mnum) is grown for poultry food or for 
ihi! mike of thii oil whicjh it contains. The plants attain a.height of 
III or 12 ft,, iiiid tlif< seed heads are about 12 in. in diameter and 
yifdd fibfiiit half ii fioiirid of seed each. The seed contains a kerne! 
(itboiii half its wnight), which contains from 30 to 50 per cent of oih 
The oil m iiseil as a siilmtifciifce for olive oil in cookery, for making 
«0iip, and Ims hmmi €,irii|i!oved in adulterating margarine. It is a semi- 
drying oil and Is iioti suitiinie, therefore, for lubricating purposes. • The 
ciikif left wh«m the oil is expressed from the seed is a valuable cattle food. 

The skatw of surillowors yield an ash rich in potash, and during the. 
|ii«t III or IH yimrs a large industry has been established in Southern 
liiwsiii for thf? production of jxitash from this raw material. 100 lb. 
of utififis yield iilwnit 3 or 4 Ih. of ash containing about 30 per cent of 
imrljoiifite of fiotasli. The crude asn is lixiviated with water, the solu¬ 
tion iw^pomied and residue calcined. The product bo obtained 
eriritiiirw iihoiit flO pitr cent of |)OtasBium carbonate, some potassium 

^ Frir afi cif lliln alkaloid, Maquenno and Philippe, J.O.S.j 

I‘MIS* i. ifl; iiiifl tliittidiftr, I’fer., lUlS, 073; HUB, i. 804. 
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•chloride and Bul])haU% and a little (ahcHit i) fiiT cseiilj (}f «fdiiiiii air-* 
bonate. 

The following analyseK show the* average* canii|MJHitifai of Htnm* of 

th(3He RoedH: — 


f 

: Wat<n'. . Prffti'iii. Bit. 

t'artdtljy«lrittr>, l-’ilcr, A'lli 

i’ Buckwhciat . 

i -- 

i i 

. : lo-o ii':i t'-n 

5i*H II'-1 ±H 

' (Jotton KOfid . 

, ’ 1(H) i 21'2 25-H 

nj'2 I!l*2 

, Lirmoed 

. ! 7*1 i 21*2 20*5 

22*2 5*5 .'l*H 

1 Oask)i’ HOod . 

. : 5*1 ^ 17*0 10*7 

15*0 2*7 

# SunMowor Kml 

f 

. i 7*5 ; M‘2 22*2 

14*5 2H*I 2'i 


Ui) Fruits. —TheHc* an*, hardly to he claHHod im ordinary fiiriii ero|iH, 
but an in some countricK great importance ih iittaehed to ** frini fiiriii" 
ing,” they may receive hritd mention and cotmicleralJon li«*re. Ah a 
ruhi, they arti the produce of |Hin‘nnial piantn Imm or Hhriilw—~ 
and are therefore not ho amenable to cultivation and maiiiiriiig as thi? 
UHual farm crops. Their eixtennive root deviflopmeiit eifahleB theni io 
search for food through a larger mmu of soil, ho that tficy will ciftiai 
grow on land which nuiy he too poor in plant focal to yiedd imyiibla 
crops of the usual farm products. They. miviirthelcmH, draw ii|khi the 
supplies of plant food in two ways 

1. To form their fruit, which is imtiidly riiiiiovid frean the tme and 
lost to the land. 

2. To be locked up in the tissues of the tmm. The trunk, 

branches, roots and Icjavc^s all r<*quire idirogeii, pboM|ihorio 

acid, lime and other constituents abtairuid fiom the soil, in Ihn mm 
of dc3ciduouH trees, the falliiig leaves aiifiutilly. a considerttblfi 

portion of plant food to the soil. 

The amount of mamirial ingredbnts removed in friiil is, on the 
whole, small. American estimates give the fciliowing iis the widgtil, in 
pounds, contained in 1000 lb. of the friisli frtdls riiiniijrl: 



Mtrogsii. 


Llm^. 

i 

Apple . , . • . 

1-08 

MO 

0*11 

1 

0*22 » 

Apricot .... 

MI4 

2*01 

0*10 

irm 1 

Banana. 

0*97 

mo 

0*10 

Hi# J 

Cherry .... 


2*77 

0*20 

11*72 j 

Fig. 

2m 

4*112 

^ o*m 

0-Hll 1 

Gmpe .... 

im 

um , 

1 0*25 

IMI ^ 

Olive .... 


ihtl ' 

. 2*42 

P2f# j 

Orange .... 

i-m 

2Tl ; 

! OO? 

om 1 

Peach .... 

PiO 

SIM 

' 0*11 

om ! 

Pewc . . ' . 

Oim 

im ; 

0 10 

11*24 

Plum .... 

im 

2*41 ; 

> 0*25 

(m 1 

I 


Fruits are usually rich in water and their drj- matter often consists 
lawely of sugar, to which their sweetness is due, {jeiitosans, jswtins. 
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vegetable acids, of which malic, C 2 H 3 (OH)(COOH) 2 , citric, CHg 
(C 00 H).C( 0 H)(C 00 H).CH 2 (C 00 H), tartaric, CH 2 .(C 00 H).CH( 0 H). 
CH( 0 H).CH 2 (C 00 H), and oxalic acid, COOH.COOH, are the chief, and 
small quantities of essential oil, to which their characteristic flavours 
are mainly due. 

The table on the following page shows the average compositions 
of several of the more common fruits, the free acid being given in 
terms of malic acid, except in the case of the grape (tartaric acid) 
and the citrus fruits (citric acid). 

Apples —the fruit of Pyrus mains —are important fruits. Their 
solid matter consists largely of sugars—both sucrose and glucose— 
while their acidity is due to malic acid. The characteristic • apple 
flavour and odour can be imitated by 'iso-amyl iso-valerate dissolved 
in alcohol.. 

Starch, which is present in immature apples, is changed into sugar 
by diastase during ripening, unless the fruit has been bruised, in which 
case, the tannin (especially abundant in cider apples) prevents the 
saccharification of the starch and gives rise to a brown coloration of 
the tissues due to oxidation. 

Apples, either whole or as “apple rings,” are often dried by arti¬ 
ficial heat and now constitute an important commercial product. Zinc 
trays are often used in the drying process and dried apples frequently 
contain a small quantity of zinc. Sometimes a whiter product is 
obtained by the use of sulphur dioxide. Dried apples usually con¬ 
tain about 35 per cent of water, 1*5 per cent protein, 3’0 per cent of 
ether extract, 57 to 58 per cent carbohydrates, and 1-8 per cent of 
ash. 

Pears {Pyrns communis) resemble apples in general composition 
but contain less free acid. They are sometimes preserved by drying 
but more often by canning in syrup. The flavour can be imitated by 
a mixture of amyl acetate and alcohol. 

The Plums. —There are many species belonging to this genus, of 
which the following may be mentioned: Sloes {Prunus spinosa)y 
oullace and damson (P. msUitia)^ the true plum (P. domestica), of which 
3 here are many varieties, apricot (P. arvieniaca), cherry (P. cerastis 
and P. avium) y almond (P. amygdaluSy or Amygdalus communis)^ nec- 
iarine and peach (P. persica). These are all “ stone ” fruit, the edible, 
ieshy pulp surrounding a hard bony “pit” or “stone,” containing 
ihe kernel or true seed. 

The flesh of the fruits is rich in sugars, chiefly invert sugar, and 
'aintly acid, principally from the presence of malic and citric acids. 
Che kernel contains amygdalin, C 20 H 27 NO 11 , a glucoside which easily 
lydrolyses under the influence of the enzyme emulsin, ultimately into 
)enzaldehyde, glucose and hydrocyanic acid. 

Bush Fruits.— In English gardens or orchards, these include 
>lack currant {Bibes nigrum)^ red currant [Bihes ruhrum), gooseberry 
Bihes grossularia), raspberry {Eubus idacus)^ blackberry (Bubus jructi- 
)osus)y and loganberry (hybrid from the last two). These fruits are 
^rown extensively and are rich in sugar and pleasantly acid, the acids 
)resent being chiefly malic, citric and tartaric acids; traces of salicylic 
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The Strawberry (Fragaria vmca) is also an tmjjortant market 

> Otss, Ohem. Zeit., 1908, 841. * RiVhrig, 'Mi. Nahf. Ownuww., 1»10, 1. 
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garden crop in some districts. The fruit is greatly enjoyed by most 
people, but with some susceptible persons it produces an eruption like 
nettle rash on the skin. The acids present are chiefly malic and citric 
with traces of salicylic acid. Light dressing of phosphates and nitrate 
of soda conduce to early maturity, while potash salts diminish the yield 
and retard the ripening.^ 

The flavour o£ strawberries is imitated by a mixture of ethyl acetate 
with half its volume of amyl acetate. 

A few other fruits, which, though they can only be grown success¬ 
fully in England in hot-houses, are in tropical countries of some im¬ 
portance, may also be mentioned. 

Avocado Pear or Alligator pear {Persea gratissima ).—The fruit, 
which usually weighs from 4 to 6 ounces, consists of about 8 per cent 
of rind, 67 per cent of edible “flesh” and 25 per cent of “stone” or 
“ pit,” is usually eaten with pepper and salt and has a pleasant nut¬ 
like flavour. The flesh contains—^ 

Water. Ether extract. Protein. Sugar. Fibre. Ash. 

66-9 10-G 5-7 1-1 4*0 2*0 

Banana {Musa sajmntium ).—The plant is a majestic palm-like one 
with broad blade-like leaves, reproducing itself annually by suckers. 
The fruit is borne in a huge bunch and can be gathered unripe, when 
it is rich in starch and yields by drying a nutritious meal, or ripe for 
eating as a fruit, in which case, the starch has disappeared, being re¬ 
placed by sugars. Analyses ^ give the following :— 



Unripe fruit. 

Ripe fruit. 

Banana meal. 

Water. 

70-5 

67*1 

15-0 

Protein. 

3-9 

5*0 

7-0 

F’at. 

0-1 

0-2 

0'3 

Fibre . . ... 

0*4 

0*3 

5-9 

Starch. 

19-1 

— 



Dextrin. 

2*6 

1-0 



Tannin. 

2-2 

0-1 


70-0 

Sucrose. 

— 

15*8 



Invert sugar .... 

— 

9-7 



Ash. 

1*1 

0-9 

1*8 


Citrus Fruits. —These thrive only in warm climates. The orange. 
Citrus atorantium, of which there are many varieties, and the lemon, 
Citrus medica, are the typical examples. They consist of a rind, rich 
in essential oil, to which their characteristic flavour is due, of pulpy 
edible flesh and of seeds or pips. As averages of large numbers of 
analyses, the following figures are given by Konig:— 

^ Dyer and Shrivell, J. Roy. Hort. Soc., 1903, 27, 4. 

Jamieson, Chem. News, 1910, 61. 

^Leuscher, Zeit. ofEentl. Ohem., 1902, 8, 125. 
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Water. 



Hi^ii 

H4%1 

I’rnteiii 



ir? 

i) 

Invert Htij^nr 
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0-4 


(’aiu* ^ugar . 

. 


0* 1 


Citric fU'id . 

, 


fr4 

1*4 

AhH 

, 


O'li 

0‘i 


The reiruuncler heirtg chiefly “crmle iilircs*’ (cel!tilrwe| l«gi*llier with 
pentosans and Hniall (juantities of aspantgine and gliitiimhiis ^ 

Lemon juice, either in its raw or cone'■»titrated condition is fiii^^krn 
portant article of commerce, and also forum the chad’ soiirci* of citric 
acid. According to the British Bharmaeoptida* ienicni juice hIioiiIiI 
have a specilic gravity of I *0311 and should contain rc77 gmiiitries of ^ 
citric acid pttr IfK) c,e. 

The Pine-Apple,—The fruit of AtummmUmm, or iirmidMiaMtmm, 
a low growing |ilant with aloe»like kmviis growing In tropiiml ciiiiiilrkm. 
The fruit is pleasantly acid and very sweet* containing from *i In Ik 
larr cent of rciclucdrtg sugars and from 3 to 10 per cii.irit of mm* sugar, 
Alxmt 1 per cent of rnannitol is mid to hii praseiit. TtiO; juict^ is^siid 
to contain an mmymm, brmmlin, which retmtiilrkm pepsin and mn iligimt 
protelds. The leaves contain fibre from vrhieh sirotig rope ami rJoth 
can be made. Analyses of fttmh and eaniied pitie-apples were puh- 
lisheci by Munson and TolmanA 
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Th i flavour of pine-apples can be imitated by a solution of ethyl 
butyrate in alcohol. 

The Pomegranate, the fruit of a shrub, Punica granattim, consists 
of a thick hard rind containing a pulp and many seeds. The pulp, 
which is edible, contains—water 79*3, protein 1*2, invert sugar 11*(>, 
cane sugar 0*7, other sol. carbohydrates 3*8, free acid 0'8, fibre and 
seeds 2*8, ash 0*5. In unripe fruit, the acid may be 4 or 5 times as 
much as the above. The juice readily ferments and yields a wine 
with the flavour of raspberries and containing 4 to 7 per cent oi 
alcohol. The bark of the stem and roots contains the alkaloids-,. 
pelletierine and iso-p^dletierine, CgH^^NO, which is said to be the alde¬ 
hyde of coniine.^ 

The Pumpkin, the large fruit of Cucurbita pepo, is used as a- 
vegetable and for stock feeding. About 50 or 60 per cent of the fruit, 
is made up of rind and seed which are not edible. The flesh is very 
watery, containing from 90 to 94 per cent of water, about 1*5 per cent 
of sugar, 5*2 per cent of other carbohydrates and 1 per cent of pro¬ 
tein. Pumpkin seeds are used as a vermifuge but are said to act. 
mechanically.'^ 

Melons, the fruits of various species of Cimirbitace(S, ai*e remark-r 
able for the large amount of water which they contain, the dry matter- 
consisting largely of dextrose. The following analyses are by Bersch ^:— 


Sugar melon (whole fruit) 
(flesh only) 

Water melon (whole fruit) 
(flesh only) 


92*8 per cent water 

95-2 

98*4* 

93*7 


7*2 per cent solids* 
4*8 „ 

6-G „ „ 

G*3 ,, ,, 


The dry matter had the following composition :— 



Sugar melon. 

Water melon. 

Whole fruit. 

Flesh only. 

Whole fruit. 

Flesh only. | 

Protein .... 

22-2 

13*4 

13*7 

9-7 

Fat 

6-7 

1-7 

6-9 

1-0 [ 

Dextrose 

36-3 

70-6 

37-4 

66-7 

Other sol. carbohydrates. 

13-0 

0*3 

21-7 

17*0 

Crude fibre 

14*9 

6-9 

15*4 

2-0 \ 

Ash .... 

6*8 

7*1 

4-9 

3-6 


99*9 

100-0 

100-0 

100*0 i 

\ ' 1 


Cucumber. —The fruit (a berry in structure) of Gucumis sativm. 
Used rather as a condiment than a food. Is very watery and possessed 
of characteristic flavour. Large cucumbers contain more sugar than 
small ones. Heinze ^ obtained the following :— 

^Hess and Eichel, Ber., 1917,1192; 1918, Abstract, i. 33 and 54. 

2 Power and Salway, J. Amer. Chem. Soc., 1910, 346. 

^Landw. Versuch. Stat., 1896, 46, 473. 

^ Zeit. Nahr. Genussm., 1903, 6, 529. 
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Small cucumbers. 

Large cucumbers. 

Water. 

96*6 

95-S 

Protein . •. 

0*8 

0*7 

Fat. 

0*1 

0*1 

Glucose . 

0*0 

0*2 

Sucrose. 

0*1 

0*1 

Other carboliydra' es . 

1*4 

1*0 

fibre . 

0*6 

1*7 

Ash. 

0*3 

0:4 


99*9 

100*0 


Grapes. —The fruit of Vitis vinifera, of which there are many 
varieties. They consist of water and dextrose, with small quantities 
of tartaric acid, woody fibre and tannin. Grapes are much influenced 
by climate, a product rich in sugar (and therefore preferred for wine¬ 
making) being obtained when the summer is hot and dry ; much rain 
during the ripening period being often attended by the bursting and 
consequent injury to the fruit. 

The tannin is contained chiefly in the skin; the tartaric acid is in 
the juice, partly free,'partly combined with potash. The average 
.composition may be given as follows :— 


Water . . . . . . . . 79-1 

Protein.0.7 

Tartaric acid . . ..0 7 

Invert sugar ..15*0 

Other carbohydrates.1*9 

Fibre.2*1 

J.8h.0*5 


The ash contains about 53 per cent of potash, 21 per cent of phos¬ 
phorus pentoxide and about 7 per cent of lime ; a little manganese is 
usually present. 

Persimmon, the handsome fruit of Diospyros virginiana, grown 
largely in Japan but now spreading to California, Africa, and other 
warm countries. After gathering it has a very astringent taste due to 
tannin, but, on keeping, especially in a cool place, the tannin is de¬ 
posited in an insoluble form. 

The fruit contains— 


Water ......... 66*0 

Protein.0*8 

Invert sugar.13*5 

Sucrose . . •.1*0 

Other carbohydrates . . . . . . . 16*0 

Fibre.. . 1*8 

Ash. 0*9 


100*0 

Fig^, the fruit of Ficm oarica .—Many varieties are known, varying 
in weight of individual fruits from 5 to 80 grammes. 
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In the fresh, ripe state they contain water 78*9 per cent, sugar 15*6 
per cent, protein 1*4 per cent, and ash 0*6 per cent. 

The juice, amounting to about three-quarters of the whole fruit, 
contains about 20 per cent of sugar, and acid (as sulphur trioxide) 0*12 
per cent. 

In the countries where they are grown figs are eaten in the fresh 
condition, but for export they are usually dried. Dried figs contain 
(Konig)— 


Water.28*S 

Protein.3-6 

Malic acid.. . . . 0*7 

Pat.1*3 

Sugar.51*4 

Other sol. carbohydrates.5*3 

Pibre.6-2 

Ash.2*7 


The quantity of water in dried figs varies greatly, as some samples 
have been found to contain as much as 57 per cent. 

Fig juice easily ferments and yields a wine which is used for 
adulterating grape wine. It contains *6 to *8 per cent of mannitol. 
Some varieties of Ficus yield a milky sap containing caoutchouc. 

Nuts are very different in composition from the succulent fruits, 
being much drier, far richer in protein and oil and in all respects 
more concentrated. 

The following shows the composition of the edible portion of 
several varieties:— 



Water. 

Protein. 

Fat. 

Carbohydrates. 

Fibre. 

Ash. 

Almond 

* 4*8 

21-0 

64-9 

15*3 

2*0 

2-0 

Beechnut . 

4-0 

21-9 

57-4 

13*2 


3*5 

Brazil nut . 

5-3 

17-0 

66*8 

7*0 


3*9 

Chestnut, fresh . 

45*0 

6-2 

5*4 

40*3 

1*8 

1*3 

„ dried . 

5-9 

10-7 

7*0 

71*5 I 

1 2*7 

2*2 








Cocoa-nut . 

14-1 

5*7 

50*6 1 

27-9 


1*7 

Filbert, dried 

3-7 

15*6 

65*3 : 

13*0 


2*4 

Walnut, ,, 

2-5 

18*4 

64*4 

11*6 i 

1*4 

1*7 

Acorn, fresh 

50-0 

3-3 

2*4 

36 3 

6*8 

1*2 

,, dried 

15-0 

1 

5-7 

4*1 

61*6 

116 

2*0 


Class 2. ROOT CROPS. 

In these crops, the valuable portion is the large store of organic 
matter which the plants produce during the first year, either in 
their underground stem or in enlargements (tubers) on their roots, 
this reserve being intended to serve as a source of material from 
which, in the second year, the flowering stem, flower and seed may be 
formed 

The chief English crops of this type are: the turnip {Brassica 














2G6 


CEOPS. 


XII. 


najms, Linn., or Brassica rapa o'apifera, Metzger), the swede {Bmssica 
campestris rutabaga, Linn., or Brassica napus escuUnta, D.C.), the 
Kohl-rabi, Brassica oleracea caulo-rapa, the mangold or beet (Beta 
vulgaris), the potato {Solammi kiberosum), the carrot {Daucus carota), 
the parsnip {Pastmaca sativa), and the radish {Baphanus sativa). 
Other crops, growing in warmer countries, which may be mentioned 
here are the sweet potato {Ipomoea batatas or Batata edulis) and the 
Jerusalem artichoke (Helianthus hiberosus). 

The Turnip grows best in cool, damp climates ; in hot, dry coun¬ 
tries the roots become woody and fibrous. 

The average composition of the root is— 

Water. Protein. Pat. Sugar. Other N-free extract. Fibre. Ash. 

90-67 V12 0-24 2*55 3-55 I’ll 0-76 

but great variations are shown. The important factors affecting the 
composition are, in order of importance, season, variety, size of root, 
district and soil. 

But even in the same variety, grown apparently under the same 
conditions and with roots of approximately the same size, variations 
in composition in individual roots are often found, especially in the 
amount of sugar present. 

The “protein” (i.e.,total nitrogen x 6*25) of turnips includes from 
27 to 50 per cent of the total nitrogen in forms other than proteids, 
viz., as amino compounds and nitrates. 

The sugars present are chiefly glucose and sucrose, the former 
predominating. The “ other N-free extractives ” include pectins, pento¬ 
sans and cellulose. 

Turnips are not so hardy as swedes, have rougher leaves of 
greener colour, which are attached directly to the root and generally 
have roots with white, sometimes yellow flesh. They contain more 
water than swedes. 

The Swede resembles the turnip in general characters but has 
bluer leaves, attached to a distinct “neck”. 

There are many varieties, differing in colour, appearance, size and 
composition. 

Konig gives as the average composition— 

Water. Protein. Pat. Sugar. Other N-free extract. Fibre. Ash. 
88-88 1-39 0-18 3*02 4*35 1*44 0*74 

In Scotland and the north of England, swedes (and turnips) are 
richer in solid matter, especially sugar, than the same varieties grown 
in the south. 

The upper half of a root is richer in solid matter than the lower. 

In 1904,1 five varieties of swedes were grown simultaneously in 
Cambridgeshire (1 centre), Norfolk (2 centres), and Eoss-shire (4 
centres), and the resulting crops were examined for sugar content. 

The mean values were : Cambridgeshire (5 crops) 6*2 per cent, 

^ Oambridge XJniv. Dept, of Agric., Guide to Expts., 1906. 
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Xori'olk (10 crops) (r7 per cent, Hoss-ahire (20 crops) 7'2 tier nf 

sugar ill thu roots. ^ e t oi 

The elTec.l of sisisoii is Very jrreat. Thus in 1900, Collins found an 
avcraf'e ot ()'‘2(; |ue' cent of sugar in twelve varieties of swedes while in 
1901 tile same varieties yielded an average of only 4’05 per cent suo-ar 
The effect of manuring is great so far as the yield is concerned but 
only snuiii in its lufliiouco oti the composition of the crop (unless 
through altering the averagii size of the roots). In all eases laree 
roots, procliicofi l>y liberal manuring, are more watery, poorer in 
sugar, less nutritiouH, kciep worse, and contain a larger proportion of 
their mtrogmi in th(‘ non-proteid form, than small ones. Turnips and 
Hwedes ilvimml chiefly upon the surface soil and have only limited 
|KiwerH of attacking the insolulile phosphates though they are gener¬ 
ally aide to supply thmuscdvcs with potash. Phosphatic manures 
espetdallv HUperpliOHphates and. nitrogenous manures—nitrate of soda^ 
or sulphate of a!innonia'-*~'are usually most effective. 

The Kohl-rabi or cabbage-turnip, though not a root crop, may be 
convmiiently mentioned since it forms an excellent substitute 

for turnips or Hwedf*s. It }iroduceH a great enlargement or “ bulb ” on 
the stem, and is usually re4ired in seed-beds and transplanted into the 
field. It is very hardy, and can resist either drought or frost better 
than^the turnip. The leaves or tops can be used as a vegetable. 

Thi» average eompoHitiori, as given by Konig, is-— 


other 



Wat<*r. 


Fat,. 

Sugar. 

Carbohydrates. 

Fibre. 

Ash. 

HO u 

2'J 

0*2 

0*4 

7'H 

1*7 

1-2 

1 ii-avijM 

Hf5*0 

n 0 

0*4 

0'5 

(>•8 

1-6 

1-7 


In cornUMHi with other cruciferous plants, Kohl-rabi contains 
organic Hulphur (from (K)f> to 0*08 per cent.). Of the crude protein 
present, Imn than half is true proteid and about one-twelfth is ‘ ‘ amides 
The iinh of' the leaves is rich in lime. 


Mangolds and Beet4 are deeper rooted and better equipped for 
HUpplying theiUHfdvfm with food. The supply of nitrogen is often the 
liiriitirig factor in cletermining the cro]). Being rich in ash constituents 
iltid lieiivy croppers—often yielding twenty-five to thirty tons per 
aert?“ ~they are probably tht? most exhausting crop grown. They do 
best ill warrii, fairly dry climate.s and in deep, somewhat tenacious 
soils. Many varieties have been obtained by careful selection. 
Maiigolfis |thf‘ angiiciscfl form of MamjeL-tourzel) or field-beets may be 
diviiled into long, tankard and globe forms, of each of which there are 
niiifiy 

Being originally derived from a plant which grew on the sea-shore, 
they still seiriii to appreciate chlorides and are benefited by applica- 

ijoiiH of coiiiiiioti salt. 

The Swgrar Beet in a variety which has been developed, by careful 
cH|M!ciaIly tor its richness in sucrose. Many varieties are 
0’O\vn, and inider favourable conditions the roots may contain from 
1#^ to 211 per ciffit of their weight of sugar. It is found that roots not 
ifxceedifig 2 ib. in wcfight are most suitable. The sugar beet industry 
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The toavos of inani^oldH and hort oonlaiii iiiiirii ntiilu’ lojid, %Fhii?!n 
whnri th«* loavos are largely onion hy iinifiiiiK* iioiy f''■llM*«l* i.riiwiiiriiii* 
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The Potato. ■■ ■In this nroiitlitt intiiwl iirfutiini m itn* iiib:*r or 
liirgoftifnii on thit iinfiorgroyrifi atoms. Tftr |ailiilii run In* groivii iiiiU' 
II wide ratigi’ of climatoa, liiit Its folingr is wiisiiivr to fiosl. Tfi»* lir'*f.t 
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tlia alia/' is a favoitriio dmaaing, and in ilry m*nmm is ofirti 
ally iisiditl iff retaining mciiaiiiro, !%ilmloi*si arr |ir#n«gfii*#d h% filaiiiiKg 
tiibnri, wtikdi ahcitild \m atom llir a tif^ii s or, if Imgr*'^ 

tiibnrn may hn mi* From 12 lo awl, of arfo arr sifcoull) 
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Ktfliitiidinr, According to Heiduschka and Sieger ^ solanine 

has the. coinpoHition hydrolysis, with 2 per cent 

solution of hydrochloric acid Bolution, yields solanidine, Cy^H^^OgN, ro.p. 
207 Ch, and a inolocule each of dextrose, galactose and rhamnose. 

Tin* amount of solatiine in potatoes is not sufficient to do harm 
hut, iu the shoots from stored potatoes, the amount of this substance 
so coucHiitrates itself, that poisoning of animals eating the shoots may 
occur. Still more dangtirous are the berries and even the haulms. 

Poiatot‘H are liable to considerable fluctuation in composition, the 
proportion of water hcarig especially variable. Wet seasons, liberal 
Hup|*licH of nitroge.n, or large quantities of potassium chloride (e.^., 
kain itej icml to make; the tubers watery and poor in starch. Of the total 
nitrogen in potatoes, about two-fifths is present in non-proteid forms. 

The following figurfis (Kellner) give the average composition of 
potatoes :. 



Water. 

i Protein. 

! Fat 

1 

Carbohydrates. 

Fibre. 

Asli. 

{■)ry. gcMiri quality . 

740 

1 2*1 

i 

21*9 

0-8 

1-1 1 

Mi'diuiu 

75‘() 

i 2'1 

i 0*1 

21-0 

0*7 

1-1 1 

Watery . 

H8-() 

1 lO 

1 0-1 

i 

18-9 

0-6 

0-8 j 


The aiiKiiuit of dry matter an 1 of starch in potatoes can be estimated 
with suffusifmt accniracy for commercial purposes by a determination 
of the H|>eeifio gravity of the tubers. 

A cormitlerable quantity (8 or 10 lb.) of the well-cleaned potatoes is 
weighed m accurately as ]K)BHihle in a wire basket. The latter is then 
wholly itnmcu'fttfd in water and the weight again determined. The 
welglit of the* |K>tatoe8 in air, divided by the loss of weight when 
weighed in water, gives the specific gravity. The following table, com¬ 
plied by Cterinan investigators, gives apx)roximately the relation between 
Hpeeific gmvifcy, total solid matttir and starch : — 


gravity. 

I>ry matter, iMsr cent. 

Starch, per 

1 oso 

19*7 

! 13-9 

1 OBfi 

20-7 

^ 14-9 

1 irjo 

21*8 

160 


22*9 

i 17*1 

I'lW* 

240 

IB *2 

PUB 

2fr0 

19-2 

I‘IIO 

20*1 

! 20-3 

lil/# 

27-2 

i 21*4 

1*120 

280 

22-5 

l*i25 

29-8 

i 23-5 

I'lmi 

i 80-4 

i 24'6 

piafi 

^ 81-5 

; 25*7 

MIfl 

82 B 

1 26*7 


. 880 

i 27*8 


* Arcfin PlianiL, IB; J.C.B., 1917, Abstract, i. 407. 
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This table, which assumes that all potatoes contain 5*8 per cent of 
solid matter other than starch, can obviously have no claim to absolute 
accuracy, but, for practical purposes, the method has proved very useful. 

The Sweet Potato is the tuber of a convolvulus-like plant, Ijoomoea 
batatas, which grows in hot countries. It thrives best in light friable 
soils, rich in organic matter, and once established, will yield several 
crops in successive years. It is propagated by cuttings. The tubers, 
which sometimes attain a great size, are used in the same way as 
ordinary potatoes, but are sweeter and less watery. The foliage is 
eaten greedily by animals, but sometimes contains a cyanogenetic 
glucoside which renders it poisonous, especially to pigs. From 0*014 
to 0*019 per cent of hydrocyanic acid has been found in the green 
material {i.e., from 1 grain.to 1*33 grains per pound). 

The following analyses show the average composition of sweet 
potatoes and their “ vines ” :— 



Water. 

Protein. Fat. 

1 

Carbohydrates. 

Fibre. 

Ash. 

Tubers 

71*1 1 

1*5 

1 0*4 

24*7 

1*8 

1*0 

Stem and leaves . 

41*6 ; 

.7*6 

! 2T 

1 

i 

29-3 

13*6 

6*8 


Artichokes. —The Jerusalem artichoke is the tuber of Helianthus 
ticberosus, and resembles the potato in composition except that it con¬ 
tains inulin and Isevulin instead of starch, and is usually more watery. 
Its average composition is— 

Water. Protein. Fat. Carbohydrates. Fibre. Ash. 

79*C 1-5 0*2 16-9 0*7 1*1 

The globe artichoke (Gynara SGolymus) is another kind of plant 
which is grown for the sake of its unripe* flower heads of thistle-like 
character, a portion of which is edible after boiling. 

The Carrot, Daucus carota, and the Parsnip, Pastimca sativa, 
are sometimes grown as farm crops and furnish excellent succulent 
food for animals. The former is somewhat difficult to grow, on ac¬ 
count of its slow growth in the early stages and the danger of the crop 
being over-grown by weeds. Several varieties are known, but the 
typical red or yellow carrot is rich in a colouring substance, carrotene, 

The Radish, Baphanus sativa, of which there are several varieties, 
is a cruciferous plant, grown rather as a market-garden crop than on 
the farm. Average composition of the carrot, parsnip and radish:— 



Water. 

Protein. 

Fat. 

Carbohydrates. 

Fibre. 

Ash. 

. 

Carrot . 




‘87*0 

1*2 

0*2 

9*3 

1*3 

1*0 

Parsnip 

. 



83*2 

1*2 

0*3 

13*0 

1*4 

1*0 

Radish . 

* 

• 

•* 

86*9 

1*9 

0*1 

8*4 

1*6 

1*1 
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Class 3. FODDER CROPS. 

In these the seeds are of little importance, the foliage and stems 
being the main parts. They include gramineous (grasses), legumin¬ 
ous and other plants. 

Meadow and Pasture Crops.—These consist of very variable 
mixtures of different plants. The grasses are usually predominant 
in quantity, and they, in general chemical properties, resemble the 
cereals. Their ash is rich in silica and potash, but poor in lime; 
while in the organic portion they contain comparatively little 
nitrogen, but are rich in carbohydrates. The roots of grasses are 
mainly confined to the surface soil, so that application of manure 
must be made if grass land is not to diminish in fertility. Moreover, 
the root cUbris of grass land by its accumulation gradually produces a 
peaty or humic character in the upper portion of the soil, with conse¬ 
quent nitrification and loss of calcium. Hence, manuring with bones, 
lime, basic slag, or other calcareous substances is generally advan¬ 
tageous. 

Liberal additions of nitrate of soda, potash salts and phosphates 
produce very heavy crops of hay by encouraging the growth of coarse 
grasses; but clover and some of the finer grasses are thereby dimin¬ 
ished and the quality of the hay deteriorates. 

Leguminous Crops, e.g., clovers, trefoil, and lucerne, are also pres¬ 
ent in ordinary grass land, but in varying amount. These fodder legu¬ 
minous crops have the same general characteristics as the leguminous 
grain crops. Their growth is greatly favoured by additions of potash 
and lime compounds and by stinting the nitrogenous manuring; the 
clovers, etc,, having an independent supply of nitrogen, are thus able 
to outgrow their competitors, the grasses. As already stated, legumin¬ 
ous plants are remarkable for the large amounts of nitrogenous matter, 
lime and potash which they contain. The lime is mainly contained 
in the leaves. Silica is almost absent. Clover, lucerne, etc., are also 
grown as crops upon arable land, with valuable after-effects. The land 
is thereby actually enriched in nitrogen, notwithstanding the fact that 
a very large amount of nitrogen is removed in the crop. The nitrogen 
is obtained from the air in the manner already described. The bene¬ 
ficial effect of the growth of clover upon the soil has long been known 
and utilised in agriculture; but it was not until after many laborious 
researches had been made that the explanation of the fact was dis- 
covered by Hellriegel and Wilfarth about 1888.^ 

By repeated cropping of land with clover a condition known as 
“ clover sickness is often set up. The seed in the summer germinates 
and grows well until the autumn or winter, when the plants die off 
rapidly, and, in many cases, a minute eel-worm attacks the root and 
stem. Whether these nematoids {Tylenchus) are the cause or a con-. 
sequence of the disease appears to be uncertain. Clover sickness has 
also been ascribed to certain fungi. It is said that deficiency of the 
soil in potash and lime is a predisposing cause of this disease. 

^ Vide p. 77. 
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Other plants are sometimes grown for fodder, e.g., rye, vetches and 
oats. 

The following table shows the average composition of many fodder 
plants in the fresh condition :— 


Plant 

Water. 

Protein, 

Fat. 

Carbo¬ 
hydrates. 

Crude 

flbre. 

Ash. 

Barley, shoots .... 

81*0 

2*5 

0*5 

8*8 • 

5*6 

1*6 

,, in flower. 

68*6 

2*2 

0*5 

16*8 

9*9 

2*0 

Mixed grasses, pasture 

78-2 

4*5 

1*0 

10*1 

4*0 

2*2 

,, „ irrigated meadows 

80*8 

3*5 

0*7 

8*4 

4*9 

1*7 

Oats, shoots .... 

83*9 

2*3 

0*5 

8*0 

3*8 

1*5 

,, in flower .... 

76-8 

1*9 

0*6 

10*4 

8*5 

1*8 

Cocksfoot, in flower . 

73*0 

2*5 

0*9 

14*2 

7*3 

2*1 

Eye grass, in bloom . 

75*2 

2*9 

0*7 

11*5 

7*1 

2*6 

Maize, fodder .... 

82*8 

1*4 

0*4 

8*9 

5*0 

1*5 

Eye, „ .... 

76-6 

3*0 

0*9 

10*3 

7*5 

1*7 

Timothy, in flower 

66*9 

3*1 

1*0 

17*6 

9*2 

2*2 

Meadow fescue, in hloom . 

69*9 

2*4 

0*8 

14-3 

10*8 

1*8 

Bine bent grass, ,, 

64*8 

3*3 

1*2 

19*1 

9*4 

2*3 

Smooth meadow grass, in bloom. 

69*1 

3*2 

0*9 

16*1 

8*3 

2*4 

Tall fescue, very young 

60*7 

5*9 

4*6 

16*8 

7*9 

4*1 

Burnet. 

61*6 

5*6 

2*1 

21*6 

5*5 

3*6 

Sheep’s parsley .... 

76*8 

6*4 

0*7 

12*0 

2*9 

3*2 

Prickly pear “leaves'’ 

93*8 

0*4 

0*1 

3*9 

0*7 

1*1 

Eed clover, young 

83*2 

4*3 

0*6 

7*2 

3*1 

1‘8 

,, „ in flower . 

79*0 

3*4 

0*7 

9*4 

5*9 

1*6 

Crimson clover, in bloom . 

81*5 

2*8 

0*7 

7*0 

6*2 

1*9 

White clover, in flower 

81*5 

4*4 

0*8 

6*9 

4*8 

2*1 

Lucerne, young .... 

81*1 

5*6 

0*8 

6*2 

4*4 : 

1*9 

„ in flower 

76*0 

3*9 

0*8 

! 9*3 

7*8 

2*2 

Sainfoin, young .... 

81*0 

8*6 

0*6 

7*9 

5*5 

1*4 

Serradella, in flower . 

82*3 

3*2 

0*7 

7*3 

5*1 

1*4 

Bokhara clover, in bloom . 

79*7 

4*1 

0*8 

7*4 

5*7 

2*3 

Hop trefoil. 

80*0 

3*5 

0*8 

8*4 

5*7 

1*6 

Kidney vetch .... 

82*0 

2*4 

0*6 

8*6 

5*1 

1*3 

Field peas. 

83*2 

3*5 

0*6 

5*6 

6*9 

1*2 

Lupines, in flower 

87*8 

2*9 

0*3 

5*0 

3*0 

1*0 

Eape, winter, in bloom 

85*9 

2*8 

0*8 

§•7 

8*5 

1*3 1 

Oomfrey. 

88*5 

2*5 

0*3 

5*0 

1*7 

2*0 , 

Heather. 

60*0 

3*5 

4*3 

16*6 

22*7 

2*9 


In some cases the fodder crop is eaten green by animals; but more 
generally it is preserved for future use, either by being made into hay 
or silage. 


Hay-making consists in drying the plants by exposure to sun 
and air to such an extent as to greatly check fermentation, which, in 
the presence of moisture, soon occurs in vegetable matter. This fer¬ 
mentation is due to the action of micro-organisms and is accompanied 
by absorption of oxygen from the air and consequent evolution of heat. 
During hay-making the i^aost important change is the loss of water; 
this naturally varies considerably with the nature of the crop, its ripe¬ 
ness, etc. Ordinary meadow grass will usually contain about 75 per- 
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cent of water, while the hay from it, in the stack, may contain about 
16 per cent. One hundred tons of grass will yield from d() to 40 tons 
of hay, while the same weight of freshly cut clover will yield, on an 
average, about 33 tons of hay. 

Of great importance is the time of cutting. Sitice fodder crops 
are essentially straw, the proper time is before the nutrient ingredients 
are moved from the foliage into the seed. Hence, hay should he*, cut 
when the grasses are flowering. If grass is left until too ri])e, the re¬ 
sulting hay is found to be poorer in albuminoids and ash, though richer 
in carbohydrates and indigestible flhre. 

The changes in Timothy grasH during ripening are well hchui from 
the following table ^:— 


Date of cutting. 

! Hay, 
per acre. 

1 lb. 

j 

Protein. 

lb. 

Fibre. 

lb. 

K-frec 
ox true, t, 
lb. 

Fther 

e.xtra<'.t. 

lb. 

Anh. 

lb. 

June 26 . 

. ' 4480 

i 240 

1056 

1062 

165 

224 

July 2 . . . 

. i 4320 

220 

1155 

1663 

! 152 : 

22H 

„ 11 . 

. ] 5240 

216 

im) 

1960 

153 i 

273 

„ 23 . 

. i 5180 

1 

253 

1377 

2058 

137 ' 

239 

i 


It will be seen that the nitrogenous rnattcu’s ar(^ practically not 
increased by the later growth, but that carbohydrates and fil>re are 
largely augmented after blossoming. On Juntj th(‘. grass was in full 
bloom; on July 23, its seeds were almost ripe. 

Grass and clover are always abundantly HU])plied with micro¬ 
organisms, including bacteria, moulds and yeasts; tlnmci act upon the 
sap and woody fibre of the grass when it is cut, protiucing oxidation 
and evolving carbon dioxide and small quantities of othfu’ gaseH. The 
act of oxidation is attended with the evolution of heat. Thes(^ (diangcis. 
take place in the open air with little rise of ternpf*raturf^, bocausi? the 
heat is carried away by conduction and convection ahnost as fast as; 
it is evolved. Moreover, the activity of the micro-organisms soon 
diminishes if the materials dry. 

An investigation into the changes produced in grass by fermeriiatiori 
was made in 1897 by Emmerling.=^ IVeshiy cut grass of the following 
composition, calculated on the dry matter— 

^ , Per cfiut. 


Proteids.11 *80 

.7*02 

Ether extract . . ..|.^ll 

Woody tissue 2rrf>0 

Non-nitrogenous extract 


100*00 

—was placed in a large vessel provided with thermoimster and deliviirv 
tube. In twenty-four hours the temperature rose msveral degriMsg; 

^ Hunt, Bui. 5, U.S. Dept, of Ague. 

^Ber., 1897,1869; Jour. Ohem, Boc,, 1B97, Abutraf'lg, H. 079 
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stacking, a sack or sacks filled with hay, placed vertically and drawn 
upwards from time to time as the stack rises. Another method, often 
employed in Scotland, is to erect, in the centre of the site chosen 
for the stack, an open conical structure composed of wooden scant¬ 
lings meeting at a point. The stack is then built round and above this. 
These methods depend for their efficiency not upon checking the heat 
production, as the first one does, but upon the removal of the evolved 
heat by circulation of air. 

The odour of hay, upon which its palatability largely depends, 
is probably due partly to the products of fermentation, among which 
compound ethers are probably present, and partly to coumarin, 

.GH:CH 

CfjH.jO., or I which occurs in woodruff (Asperula odorata), 

^0 . CO, 

in Bokhara clover {Melilotm), in sweet-scented vernal grass {Aoitho- 
xanthum odorobtum), and probably in many other plants. 

Goumarin is a crystalline solid with-a characteristic odour (that of 
new-mown hay), is slightly soluble in water, and very soluble in alcohol. 
Its odour becomes very pronounced when plants containing it are 
dried. 

Ensilag:e or Silage is made by preserving green fodder in a closely 
compacted condition so as to prevent access of air as much as possible 
and so hinder the various fermentative changes from proceeding be¬ 
yond a certain stage. Originally, all silos consisted of pits or buildings 
of stone or wood,, in which the materials could be stored and subjected 
to high pressure. It is now a common practice to simply stack the 
fodder in the green state, treading or pressing it down as much as 
possible, and finally weighting it with stones or earth. In all cases 
the outside of the silo, where air has access, becomes so rotten as, to 
be useless, but the amount of waste is not very great. 

The changes which occur in the silo are in many respects similar 
to those in the stack, but fermentation is limited in a different 
manner—by air exclusion, while in a stack it is chiefly from lack of 
sufficient moisture. Consequently, it is found that the relative pro¬ 
gress of different organisms is diferent in the two cases. Moreover, 
in a silo, the predominant character of the fermentation, and conse¬ 
quently of the silage, depends largely upon the management. If the 
silo be made slowly, so that a considerable amount of heating may 
occur before the weighting expels the air, the temperature rises so 
high (up to 55® or 60®) that the bacteria which produce acids {e.g., 
acetic, lactic and butyric acids) are destroyed. The resulting pro¬ 
duct is then known as sweet ’’ silage. If the silo be built with little 
delay and compressed at once, the temperature does not rise so high, 
and the acetic, lactic and other acid-producing bacteria are not killed 
but produce their characteristic products, thus leading to the forma 
tion of sour ” silage. 

The changes in composition which fodder undergoes during fer¬ 
mentation in a silo, lead to a loss of carbohydrates, partly as gaseous 
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Thus, though the loss in albuminoids is very small, the diminution 
in digestibility is serious. The authors suggest that silage should only 
be made of fodder comparatively low in albuminoids and that clover 
and other highly nitrogenous crops should be either used as pasture 
or made into hay. 

The following analyses of silage and hay from various sources may 
be useful; they are mainly from Kellner:— 



Water. 

Protein. 

Fat. 

Carbohydrates. 

Fibre, 

Ash. 

(a) Silage from pits. 

Grass ..... 

80-6 

2*0 

0*8 

8*1 

6*5 

2*0 

Green oats .... 

76-3 

1*9 

0*8 

10*7 

8*5 

1*8 

,, maize 

81-5 

1*6 

0-8 

9*0 

5*7 

1*4 

,, rye . 

86*9 

1*6 

0-5 

5*7 

4*4 

0*9 

Red clover .... 

78*3 

4*4 

1*2 

6*9 

6*5 

2*5 

Lucerne .... 

83*1 

3*7 

1*4 

4*8 

5*0 

2*1 

Sainfoin .... 

83*3 

3*4 

1*0 

5*2 

5*9 

1*2 

Mangold leaves . 

77*6 

3*0 

1*1 

10*0 

3*3 

5*0 

(b) Silage f rom clamps 
Buckwheat .... 

or hea 2 
70*3 

)S. 

2*4 

0*8 

16*5 

7*8 

2*2 

Grass. 

68*0 

3*8 

2*7 

12*9 

9*9 

2*7 

Green maize 

81*8 

2*0 

1*2 

7*8 

5*5 

1*7 

Lucerne .... 

72-5 

4*0 

3*2 

6*1 

10*7 

3*5 

Lupines .... 

80*3 

2*9 

1*0 

4*9 

9*5 

1*4 

Red clover .... 

70*0 

5*6 

2*0 

11*6 

8*5 

2.3, 

Hays. 

Meadow hay, poor 

14*3 

7*5 

1*5 

38*2 

33*5 

5*0 

„ ,, medium. 

14*3 

9*2 

2*0 

39-r 

29*2 

5*4 

„ ,, very good 

Oats, cut in flower 

15*0 

11*7 

2*8 

41*6 

21*9 

7*0 

11*5 

7*5 

2*4 

42*4 

30*1 

6*1 

Rye grass, cut in flower 

14*3 

10*2 

2*7 

36*1 

30*2 

6*5 

Timothy hay 

14*3 

8*5 

2*4 

41*1 

28*5 

6*2 

Red clover, poor . 

15*0 

11*1 

2*1 

37*7 

28*9 

5*1 

,, ,, medium . 

16*0 

12*3 

2*2 

38*2 

26*0 

5*3 

,, ,, very good . 

Lucerne, before flowering . 

16*5 

15*3 

3*2 

35*8 

22*2 

7*0 

16*0 

16*2 

2*4 

31*1 

27*0 

7*3 

Sainfoin ,, ,, 

15*8 

15*4 

3*2 

34*0 

24*9 

6*7 


The analyses on the following page, by the author, of South 
African grown hays, may be of interest. 

The botanical names of the plants in the following table are— 

Oats, Avena sativa. 

Boer manna, Setaria italica. 

Teff grass, Eragrostis abyssinica. 

Veld grasses, mixed grasses. 

Sweet grass, chiefly Chloris virgata. 

Ehodes grass, Chloris guycma, 

Teosinte, Euchlana mexicam. 
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Water. 

Protein. 

Fat. 

Carbohydrates. 

Fibre. 

Ash. 

Oat hay 

8*0 

5-G 

3-9 

440 

34*3 

4*2 

Boer manna hay 

8*3 

5*0 

1*9 

46*1 

30*9 

7*8 

Teff grass hay 

90 

6*0 • 

1-2 

40*2 

38*0 

50 

Veld hay . 

8-1 

3*4 

1-2 

43*9 

38*0 

5*4 

Sweet hay . 

7*5 

7-6 

1*0 

37*7 

38-1 

8-1 

Rhodes grass hay 

9*0 

9*2 

1*3 

29*3 

42*5 

8*7 

Teosinte hay 

11*5 

7*9 

10 

380 

31*4 

9-7 

Blue grass hay . 

8-0 

4-4 

1-3 

41*8 

38*5 

60 

Golden millet hay 

7-9 

IIT 

lO 

29*5 

410 

9*5 

Green, moha hay 

8-0 

10*5 

1*2 

35*4 

35*6 ! 

9*3 

Broom corn hay. 

9-7 

6*8 

1*2 ! 

38*8 

34*8 1 

8*7 

Lucerne hay 

8-0 

15*5 

2*3 

30*5 

34*8 1 

8*9 

Cow pea hay • . 

8-2 

13-2 

2*4 

39*4 

30*5 1 

, 6*3 

Velvet bean hay . 

9-3 

13-3 

2*6 

39*2 

! 27*6 1 

i 7*8 

Maple pea hay . 

80 

16-3 

1 2*4 

35*2 

31*2 ' 

6*9 

Tall fescue hay . 

9*1 

130 

10*7 

38*8 

18*4 

9*4 

Burnet hay 

9*4 

13*3 

4*9 

50*8 

13*1 

8*5 

Sheep’s parsley hay . 

11-5 

10-9 

2*7 

430 

10*6 : 

11*7 

Vetches 

9-4 

200 

i 40 

36*2 

21*2 ! 

: 80 

Lupines (blue) . 

8-2 

17-1 

I 2*7 

41*7 

22*0 i 

i 8*3 

,, (white) . 

7-8 

14-1 

2*8 

50*1 

17*4 ’ 

7*8 


Blue grass, Andropogon hirtun. 

Golden millet and green moha are Setaria 8pp. 

Broom corn, Panicum cnts-gcdli. 

Cow pea, Vigna catjang. 

Velvet bean, Mumma iitilis. 

Maple pea, Pisum arvensis. 

Tall fescue, Festma elatior. 

Burnet, Sanguisorha minor. 

Sheep's parsley, Petroselimim sativum. 

Vetches, Vicia villosa. 

Lupines, blue, Lupinus hirstthcs. 

,, white, Lupinus alhus. 

Other crops belonging to this group, though, perhaps, of less im¬ 
portance in ordinary farming practice, are the following 

Cabbage.— Brassica oleracea. Many varieties of this plant have 
been produced by careful cultivation. 

1. The ordinary cabbage, in which the overlapping leaves form a 
compact “ head 

2. The '‘thousand-headed kale,’' in which the plant has a branch¬ 
ing habit with no distinct "heart". 

3. The cauliflower and broccoli, where a dense head of imperfect 
flowers is formed. 

4. The Kohl-rabi, where the stem is enormously swollen into a 
globular form. 

5. The Brussels sprout, in which many small " heads " are formed 
on a tall stem. 

\11 the above, like other members of the crmif^ra, contain sulphur 
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compounds analogous to mustard oil and on decomposition yield evil¬ 
smelling sulphur compounds, including sulphuretted hydrogen. 

These crops respond to liberal manuring, do best on heavy land, 
are usually transplanted from seed beds and receive some benefit 
from applications of sodium chloride. 

The following analyses will show the average composition— 



Field 

cabbage. 

Culinary 

cabbage. 

Cauli- 

rtower. 

Brussels 

sprouts. 

Kolil-rabi. 

Water 

84-7 

90-3 

90*8 

88*2 

S6*9 

Protein 

2-5 

2*1 

1*6 

4*7 

2*8 

Ether extract . 

0-7 

0-4 

0*8 

1*1 

0*2 

Sol. carbohydrates 

8-1 

]5*8 

je-o 

}4-3 

7*2 

Fibre 

2*4 

1*7 

Ash .... 

1*6 

1-4 

0*8 

1-7 

1*2 


100-0 

100*0 

100*0 

100*0 1 

100-0 ■ 


Kohl-rabi serves as an excellent substitute for swedes or turnips as 
food for cattle or sheep, and is very hardy, resisting both drought and 
frost better than the turnip. It contains about 0*8 per cent of organic 
sulphur {vide p. 267). 

Prickly Comfrey. —Symphytum asyerrimum, a plant which has 
been highly praised as a fodder plant, but has not yet gained much 
popularity as a farm crop in England. 

It is grown from cuttings and will yield many crops per year, the 
leaves being fed to animals in the green state, or it may be made into 
hay. Its composition is— 



Green, cut before 
flowering. 

As hay. 

Water. 

88*5 

15*0 

Protein. 

2*5 

■.0-7 

Fat. 

0*3 

2-7 

Soluble carbohydrates 

5*0 

35*1 

Crude fibre .... 

1*7 

11*5 

Ash. 

2*0 

15*0 


100-0 

100*0 


ROTATION OF CROPS .—In freshly opened-up country, the first 
settlers sometimes grow the same crop year after year. But such a 
practice is never successful for long, and in all countries where farming 
has become established, the practice of rotation has become general. 
The advantages of a rotation are partly convenience in carrying on the 
work of the farm by distributing the labour of ploughing, drilling, hoeing 
and harvesting over a considerable portion of the year, partly the 
variety of crops that can be grown, and partly, perhaps mainly. 
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advantages which concern the supply of plant-food from the soil. It is 
chiefly to these last points that consideration will be given here. 

Some crops depend almost entirely upon the surface soil for their 
nourishment, while others are deep-rooted and find the major portion 
of their food in the sub-soil. By alternating such crops the whole 
of the soil can be laid under contribution for supplies of plant food. 
Examples of shallow-rooted crops are seen in the grasses, barley and 
oats, potatoes and turnips, while mangolds, beets, red clover, lucerne, 
wheat and rye penetrate far lower in the soil. 

Then, too, though all crops require the same kind of food from the 
soil, they require very different quantities, and in some cases an 
abundance of one constituent, e.g., nitrogen, may actually diminish the 
value of a crop, e.g., barley for malting, though another crop—say 
mangolds—would be greatly benefited by such liberal supplies of 
nitrogen. 

The table on the following page gives, according to Warington’s 
estimates, the weight, in pounds, of the chief substances removed from 
an acre of land by an average crop of the various plants. 

Inspection of the figures will show that the demands of diflerent 
crops upon the soil for nitrogen, lime, phosphoric acid and potash 
are very different. A crop of mangolds, for example, removes about 
three times as much nitrogen, nearly ten times as much potash, and 
more than twice as much phosphoric acid as a crop of cereals. So, 
too, while a supply of about 50 lb. of nitrogen per acre will satisfy the 
requirements of cereals or potatoes, twice that quantity is required by 
a crop of turnips, swedes, beans, or clover. In the case of the last 
two crops, however, this is not necessarily derived from the soil, since 
leguminosce have their own supply of nitrogen, and, as a matter of 
fact, it is well known that the land is left richer in nitrogen after such 
a crop has been removed. 

Crop residues—roots and leaves—left in the soil after the removal 
of a crop, afford suitable food for another crop of a different species, 
but do not serve nearly so well for a second crop of the same species. 
Moreover, insect pests and diseases, to which a crop is liable, are 
very likely to be carried on from year to year if the same crop be 
grown in succession, but tend to die out if the affected crop be followed 
by others upon which the pest cannot prey. 

Sometimes several years are required before the land becomes free 
from the germs of a particular disease-causing organism, but crops 
which are not subject to the disease can be grown successfully in the 
interim. “ Clover sickness,” to which certain land is subject, affords 
a good example, and finger-and-toe ” in turnips is another. 

Still another great advantage of a system of rotation is the oppor¬ 
tunities it affords of periodically freeing the land from weeds. While 
root crops occupy the land, hoeing between the drills can be made 
nearly as effective in getting rid of weeds as the less profitable practice 
of *‘bare fallowing”. 

Many systems of rotation are practised in different districts. One 
of the favourite ones is that known as the Norfolk rotation, which, in 
its simplest form, consists in— 
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Nitrogen. 

Total ash. 

KoO. 

Na. 20 , 

CaO. 

MgO. 

P 2 O 5 . 

Cl. 

SiOi. 

Wheat, 30 bushels 

34 

80 

9-3 

0*6 

1*0 

8*6 

14-2 

0*1 

0*6 

,, straw, tons. 

16 

142 

19*5 

2*0 

8*2 

3*5 

6*9 

2*4 

96*8 

Total crop 

5.0 

172 

28-8 

2*6 

9*2 

7*1 

21*1 

2*5 

96-9 

Barley, 40 bushels 

35 

46 

9-8 

1*1 

1*2 

4*0 

16*0 

0*5 

11*8 

,, straw, 2450 lb. 

14 

111 

25*9 

3*9 

8*0 

2*9 

4*7 

3*6 

56*8 

Total crop 

49 

157 

35*7 

5*0 

9*2 

6*9 

20*7 

4*1 

63*6 

Oats, 45 bushels . 

34 

51 

9*1 

0*8 

1*6 

3*6 

13-0 

0*5 

19*9 

,, straw, 2835 lb. . 

18 

140 

37*0 

4*6 

9*8 

5*1 

6*4 

6*1 

65*4 

Total crop 

52 

191 

46*1 

5*4 

11*4 

8*7 

19*4 

6*6 

85*3 

Maize, 30 bushels 

28 

22 

6*5 

0*2 

0*5 

3*4 

10*0 

0*2 

0*5 

,, straw, 1 ton 

15 

99 

29*8 




8*0 



Total crop 

43 

121 

36*3 




18*0 



Meadow hay, IJ tons . 

49 

203 

.50-9 

9*2 

32*1 

14*4 

12-3 

14*6 

56*9 

Red. clover hay, 2 tons i 

98 

258 

83*4 

5*1 

90*1 

28*2 

24*9 

9*8 

7*0 

Field beans, 30 bushels 

78 

58 

24*3 

* 0*6 

2*9 

4*2 

22*8 

1*1 

0*4 

,, haulms, 1 ton 

29 

99 

42*8 

1*7 

26*3 

5*7 

6*3 

4*3 

6*9 

Total crop 

107 

157 

67*1 

2*3 

29*2 

9*9 

29*1 

5*4 

7*3 

Turnips, roots, 17 tons 
„ leaves, 5 tons 

61 

218 

108*6 

17*0 

25*5 

5*7 

22*4 

10*9 

2*6 

49 

146 

40*2 

7*5 

48*5 

8*8 

10*7 

11*2 

5*1 

Total crop 

110 

364 

148*8 

24*5 

74*0 

9*5 

33*1 

22*1 

7.7 

Swedes, roots, 14 tons . 

70 

163 

63*3 

22*8 

19*7 

6*8 

16*9 

6*8 

3*1 

„ leaves, 2 tons . 

28 

75 

16*4 

9*2 

22*7 

2*4 

4*8 

8*3 

3*6 

Total crop 

98 

238 

79*7 

32*0 

42-4 

9*2 

21*7 

15*1 

6*7 

Mangolds, roots, 22 tons 

93 

426 

222*8 

69*4 

15*9 

18*3 

30-4 

42*5 

8*7 

,, leaves, 9 tons 

51 

254 

77*9 

49*8 

27*0 

24*2 

16-5 

40*6 

9*2 

Total crop 

149 

680 

800*7 

118*7 

42-9 

42*5 

52*9 

83*1 

17*9 

Potatoes, tubers, 6 tons 

46 

127 

76*5 

3*8 

3*4 

6*3 

21*5 

4*4 

2*6 
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1. Turnips or swedes, or mangolds or potatoes. 

2. Barley. 

3. Clover, or beans or peas. 

4. Wheat. 

Various modifications are introduced into this system to suit parti¬ 
cular circumstances. Barley may be replaced by oats or even by 
wheat, and the clover or “ small seeds ”—often clover and ryegrass— 
may be left on the land for two years. Where clover sickness is pre¬ 
valent, beans, peas, or vetches are grown every eighth year instead of 
clover, and where finger-and-toe exists, mangolds or potatoes replace 
turnips alternately. 

In the high-farming districts of Scotland, a six-course rotation is 
often followed :— 

1. Turnips or swedes, with farm-yard manure and artificials. 

2. Barley, wheat, or oats, unmanured. 

3. Seeds for hay, often with artificials. 

4. Oats, often top dressed with 1 cwt. of nitrate. 

5. Potatoes with farm-yard manure and artificials. 

6. Wheat, unmanured. 

Where high-class malting barley is grown, as on the east coast of 
England, wheat often follows roots, in order to diminish the supplies of 
nitrogen left in the soil, before barley is sown. The Norfolk rotation 
then becomes a five-course one. 

Note on the Analysis of Crops. 

A few remarks about the usual method of analysing crops and 
other foodstuffs may be given here. Almost all analyses of foods, which 
have been published until .quite recently, were made by a method 
introduced by Henneberg in 1864, generally known as the “ Weende " 
method. According to this plan, the constituents are reported as— 

Water. 

Proteids or nitrogenous matters. 

Pat or ether extract. 

Nitrogen-free extract'' or ‘‘ soluble carbohydrates 

Crude fibre. 

Ash. 

The water and ash are determined by general methods, the nitrogen¬ 
ous matter by a determination of the total nitrogen and multiplying 
this by 6*25, and the ''fat" by ether extraction. The " crude fibre" 
is then determined by treating a portion of the sample, from which 
the fat has been extracted, with boiling dilute sulphuric acid (contain¬ 
ing 1*25 per cent real acid) for half an hour, washing the residue until 
free from acid, and again boiling for half an hour with a solution 
containing 1*25 per cent of sodium hydrate. The whole is then filtered 
and the residue thoroughly washed, dried at 110°, and weighed. The 
residue is next completely incinerated, when the loss of weight gives 
the "fibre". 

The method used in the determination of the remaining item, " the 
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nitrogen-free extract,” in these analyses, is least satisfactory of all— 
being simply to take the difference between the sum of the percentages 
of the other constituents and 100. 

In the form just described, thousands of analyses have been 
published, and, though the results are of considerable value, they can¬ 
not be considered satisfactory. 

Water .—The assumption that only water is expelled by heating a 
food to a temperature of about 100'" is certainly not warranted, as many 
organic compounds undergo change below this temperature ; moreover, 
many fats and oils absorb oxygen and consequently increase in w^eight 
when exposed to air. The latter objection can be overcome by drying 
in a current of hydrogen. 

Ash .—In this case, as in all vegetable and animal matter, the ash 
left on incineration has not the composition of the inorganic com¬ 
pounds present in the plant or animal. This objection, however, is 
not a very important one. 

Fat.-r-^mQ,Q, this is really the matter soluble in ether, it is better 
described as “ ether extract In the case of many substances, chloro¬ 
phyll, resins, waxes and organic acids, e.g., lactic acid, are dissolved 
by ether and are included in the ether extract In some instances 
the amounts of these non-fatty substances may be considerable in 
proportion to the true fat. 

Nitrogenous matter .—However accurate the determination of nitro¬ 
gen may be, the figures given under this head can never be very 
trustworthy. In the first place, all the nitrogen in a substance is not 
usually present as albuminoids, but may be partly as simple amino- 
compounds, ammonium salts, or nitrates. Then, too, all albuminoids 
do not contain the same proportion of nitrogen, and therefore multi¬ 
plying by 6*25 does not give a correct measure of their amount. A 
method of distinguishing betw^een the nitrogen existing as true albumi¬ 
noids and that as amides, etc., has already been described. 

Crude fibre .—The method used in the estimation of this item is 
obviously based upon an assumption that from a material freed from 
fat by ether extraction, dilute sulphuric acid and dilute sodium hydrate 
will effect the solution of all matter which could be removed in the 
digestive processes of an animal; it evidently cannot yield any really 
satisfactory results. Moreover, the amount of the “fibre” obtained 
depends very much upon the state of subdivision of the material and 
upon other circumstances, and the residue obtained often contains 
nitrogenous substances. 

Non-nitrogenous extractives .—This item, like all those obtained by 
difference, is liable to the accumulated errors of all the direct deter¬ 
minations, some of which, e.g., the fibre, are probably veiy great. 

According to Stone ^ the results obtained by the Weende method are 
very incorrect. He examined specimens of wheat and maize, both by 
the usual conventional methods and by determining the various carbo¬ 
hydrates actually present. Some of the results by the two methods are 
given below:— 

^BulL No. 34 (1896), Office of Experiment Stations, U.S. Dept of Agric. 
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Air-dry material (per cent) :— 



Water. 

[ 

Ash. 

Fat. 

Fibre. 

Protein. 

N-Free 

Extract. 

Winter wheat 

6*28 

2-U 

1*83 

2-85 

14-68 

72-22 

Spring wheat 

8-55 

1-43 

2-00 

2-77 

14-22 

71-03 

Maize meal .... 

12-43 

1-51 1 

3-SO 

2-35 

11-60 

68-31 


Under the last column (obtained by difference) it is generally as¬ 
sumed that starch, digestible cellulose and sugars are included. 

By actually determining the percentages of the various carbo¬ 
hydrates, Stone obtained the following numbers :— 



Winter wheat. 

Spring wheat. 

Maize meal. 

Cane sugar. 

0-48 

0-66 

0-24 

Invert sugar. 

0-08 

None 

None 

Dextrin. 

0-25 

0-33 

0*28 

Starch. 

28-73 

27-36 

37-28 

Pentosans. 

4-54 

3-94 

4-09 

Cellulose.' 

■ 2-68 

2-26 

1-93 


36*70 

1 

34*60 

1 

43-82 


It is thus evident that 35 or 36 per cent of the whole material in 
the case of wheat, and about 24*5 per cent in the case of maize, is not 
estimated, and exists in the plant in some other form than those of the 
carbohydrates mentioned. • 

This is a remarkable result, and the subject merits further in¬ 
vestigation. 

In many instances in modern analyses the amounts of pentoses 
and pentosans in foods are determined. These bodies appear to be 
much less digestible than the other carbohydrates. ‘ 

The following analyses ^ will illustrate the occurrence of pentosans 
in fodder:— 



Protein, 

N X 6-26. 

Ether extract. 

Ash. 

Crude fibre free 
fi’om peutosaus. 

N-free extract 
free from i)en- 
tosans. 

.S3 oT 

■ 

m 

S 2 rH 

1 g X 

pH 

B 

Meadow hay . 

11*70 

8-60 

7-03 

21-09 

87-63 

18-95 

93-26 

Clover hay 

13-90 

2*31 

6-01 

33-74 

28-00 

16-04 

92-04 

Bye straw 

3-24 

2-28 

4-31 

37-61 

23-47 

29-09 

93-20 

Lupine straw . . . 

5-80 

1-36 

3*76 

45-34 

22-91 

20-22 

92-80 


^ Stone, Agrio. Sci,, 7, 6. 

2 During, Jour. Ohem. Soc., 1897, Abstraets, ii. 588. 












CHAPTEE XIII. 


The Animal. 

The body of an animal, from a chemical standpoint, consists of a very 
intimate mixture of compounds, some of which are little understood 
and apparently highly complex in character. The body may be con¬ 
sidered as made up of lifeless products of metabolism {e,g., fat cells, 
horny matter, earthy portions of bone) permeated by the really 
living substance, protoplasm. The latter is highly aqueous and con¬ 
tains proteids, with smaller quantities of carbohydrates, fats and salts. 

The elements contained in the animal body are the same as those 
found in plants, but their’ relative proportions differ considerably. 
Sodium, chlorine and fluorine particularly appear to be of much 
greater importance to animals than to plants. 

The proximate constituents of animals also resemble those of plants. 

They may be divided into— 

1. Inorganic compounds, consisting mainly of water, various acids 
{e.g., hydrochloric acid) and numerous salts {e.g.^ calcium phosphate, 
sodium chloride). 

2. Organic compounds — 

{a) Proteids, e.g., albumin, myosin. 

(6) Amides, e.g,, urea, and amino compounds, e.g., creatine. 

(c) Pats. 

(d) Carbohydrates, e.g,, glycogen. 

(e) Other compounds. 

The general characteristics of some of these substances have been 
given in the chapter on the constituents of plants. Eeference must be 
made to some work on physiological chemistry for further details. 

The chemical composition of the whole bodies of animals was in¬ 
vestigated by Lawes and Gilbert in 1848-1859.^ 

The table on the following page embodies some of their results. 

It will be seen from the figures that the nitrogenous matter is 
the most constant in quantity and that the water and fat vary in¬ 
versely with each other. The amount of ash is chiefly dependent 
upon the proportion of bone to the rest of the body. 

Among the most important parts of the animal body, the following 
may be mentioned:— 

1. The blood. 

2. The bones. 

3. The muscles. 

4. The connective tissues. 

^ Jour. Boy. Agric. Soc., 1895. 
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PERCENTAGE COMPOSITION OF THE WHOLE BODIES OF ANIMALS. 


Description of animal. 

Water. 

Fat. 

Nitrogenous 

matter. 

Ash. 

Contents of 
stomach and 
intestines in 
moist state. 

♦ - 

Fat calf .... 

63-0 

14*8 

15*2 

3*80 

3*17 

Half-fat ox . 

51*5 

19*1 

16*6 

4*66 

8*19 

Fat ox. 

45-5 

30T 

14*5 

3*92 

5*98 

„ lamb .... 

Store sheep . 

47*8 

28*5 

12*3 

2*94 

i 8*54 

57*3 

18*7 

14*8 

3*16 

6*00 

Half-fat sheep 

50*2 

23*5 

14-0 

3*17 

9*05 

Fat sheep 

43-4 

35-6 

12*2 

2*81 

6*02 

Store pig 

55*1 

1 23*3 

13*7 

2*67 

5*22 

Fat pig. 

41*3 

42*2 

10-9 

1*65 

1 

3*97 


Blood consists of a transparent colourless liquid, the blood 'plasma, 
in which an immense number of solid particles, the red and colourless 
corpuscles, are suspended. When taken from the body, unless special 
precautions are observed, blood coagulates or clots with a rapidity 
which varies with different animals and also with the temperature; if 
cooled quickly, coagulation is retarded; the blood of the horse coagu¬ 
lates more slowly than that of other animals. 

In clotting, a separation into a clear yellow liquid— Hood serum — 
and a red solid— blood clot —occurs. This separation is brought about 
by the coagulation of a proteid— fibrinogen —which exists in blood 
plasma and which can be removed by beating the blood, during clotting. 
Elood serum thus differs from blood plasma in containing no fibrin¬ 
ogen and a smaller quantity of calcium, magnesium and phosphoric 
acid. 

Blood serum is of a sticky consistency, of alkaline reaction, and 
has a specific gravity of about 1*028. It contains fats, soaps, choles¬ 
terol, lecithin, C,H,( 0 H)(CH 3 ) 3 N.HP 0 ,.C,H,:(CigH^ 02 ),. 

albuminoids, glucose, and traces of urea, uric acid, creatine, lactic acid 
andhippuric acid. 

The following analyses of serum were made by Hammarsten:— 


Serum from 
blood of 

Total 

Solids. 

Total albuminoid 
substances. 

Fat, lecithin, 
salts, etc. 

Man. 

9*20 

7*62 

1*59 

Horse. 

8*60 

7*26 

1*34 

Ox . . 

8*97 

7*50 ! 

1*47 

Hen. 

5*40 

3*95 

1*45 


The ash of serum (about 0*85 per cent) consists chiefly of common 
salt (0*6 to 0*7 per cent), with small quantities of potash, lime and 
magnesia. 

The rapidity with which blood coagulates after leaving the body 
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varies, as already stated, with different animals and with the condi¬ 
tions under which it is kept. Coagulation is retarded by cooling, by 
diminishing the amount of oxygen or increasing that of carbon dioxide 
by the addition of acids, alkalies, egg-albumin, sugar, gum, glycerine, 
or oil. Coagulation is facilitated by warmth, by contact with foreign 
bodies by stirring or beating), by free admission of air, by addi¬ 
tion of a small quantity of water, or by the addition of ferric salts, 
alum, etc. 

The spontaneous clotting of blood after removal from the animal 
is assigned to different causes by different authorities. According to 
Schmidt it is due to the action of an enzyme— fihrin-feroiunt, pro¬ 
duced probably by the destruction of the white corpuscles—upon the 
fibrinogen. Another view attributes to the separation of calcium 
phosphate a large share in the process (Freund), while a third assigns 
oxidation as the chief cause. The last theory has not received much 
support. 

The solid portion of coagulated blood consists chiefly of red and 
white corpuscles entangled in a network of fibrin. 

The red cor-jmscles consist usually of circular, biconcave discs. In 
birds, amphibia, fishes and some few mammals, e.g.^ the camel, they 
are elliptical and biconvex. Their size varies considerably in different 
animals, being largest in the amphibia. In man they have an aver¬ 
age diameter of *007 to *008 millimetre (— about inch) and a 

maximum thickness of *0019 millimetre. They are heavier than the 
plasma, having a specific gravity of about 1*09. 

The average number in the blood of man is about 5,000,000, in 
that of woman about 4,000,000, per cubic millimetre. By treatment 
with water, ether, or other substances, blood corpuscles lose their 
colouring matter and leave a residue known as the stroma of the red 
corpuscles. This consists of nitrogenous matter and often retains the 
form of the original corpuscles. 

The colour of blood depends upon hcemoglohin and its compound 
with oxygen— oxyhcemoglohin. Haemoglobin consists largely of albu¬ 
min (about 96 per cent), the other characteristic component being a 
colouring matter known as hcemochromogen (about 4 per cent), con¬ 
taining iron. 

Haemoglobin from different animals differs somewhat in composi¬ 
tion. Hammarsten gives the following analyses :— 


; Source. 

Carbon. 

Hydrogen. 

Nitrogen. 

Siilpliur. 

Iron. 

Oxygen. 

1 Dog . 

58’85 

7*32 

16*17 

0*390 

0-430 

21*840 ‘ 

i Horse . 

54-87 

6-97 

17*31 i 

0-650 

0*470 

19*730 

! Ox . . 

54-66 

7*25 ! 

17*70 

0-477 

0*400 

19*543 

1 Pig . . 

i 

54-71 

7*38 

17*43 

0*479 I 

i ' 

0*399 

1 

19*602 , 


It has been calculated that the molecular weight of haemoglobin 
must be about 14,000, and a formula which would represent the com¬ 
position of haemoglobin from the dog has been given as 
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Haemoglobin has the power of uniting with oxygen, with 
carbon monoxide, or with nitric oxide. The stability of the compounds 
is in the order named and each compound appears to be composed of 
one molecule of haemoglobin with one of the gas. 

OxyhcemogLohin is readily obtained in crystals of a bright red colour 
and soluble in water. It appears to act as a weak acid. A dilute 
solution shows a characteristic absorption spectrum, containing two 
chief dark bands, one on the Fraunhofer line D and the other 
near B. 

By the action of reducing agents {e.g,, ammoniacal ferrous tartrate), 
or by the passage of an indifferent gas, or even by exposure in a 
vacuum, oxyhaemoglobin is deprived of oxygen and hcemoglohin is pro¬ 
duced. This is darker and more purple in colour and more soluble 
in water. It readily absorbs oxygen again from the air. 

By the decomposition of haemoglobin, the protein portion is separ¬ 
ated and a colouring substance named Jicemochromogen is obtained, 
which, by oxidation, becomes hcematin. This last substance is said to 
have the composition C 34 H 3 r,N 4 FeO^, and is a dark brown or black solid, 
insoluble in water, acids, alcohol, or ether, but easily soluble in 
alkalies. The close similarity between this formula and that deduced 
from the recent investigations of Willstatter, for chlorophyll, is very 
significant {vide p. 229). By concentrated sulphuric acid, haematin is 
converted, with removal of iron, into a purple-red substance known as 
hcBmato-porphyrin, which is said to be Gi(jHigN 203 . 

In addition to the red corpuscles, blood contains colourless corpuscles 
or leucocytes. These are of lower specific gravity than the red corpuscles, 
more variable in size and form, and much less numerous, the relative 
numbers being one colourless corpuscle to 301 or 500 red ones. They 
consist of fragments of protoplasm and contain several albuminoids, 
glycogen or animal starch, lecithin and cholesterol. 

Blood plays an important part in the process of respiration. It 
is through the blood that the animal organism receives the oxygen so 
essential for the vital function. 

When blood is placed gases are given off, their composition 

and amount varying considerably according to the particular part of 
the body from which the sample was collected. The following table 
represents the average gaseous contents of arterial and venous blood. 
One hundred volumes of blood yield— 



Arterial blood. 

Venous blood. 

Oxygen. 

, 20 

8 to 12 

Nitrogen and argon. 

Ito 2 

1 „ 2 

Oaroon dioxide. 

40 

46 


The nitrogen and argon are simply in solution in the blood just as 
they would be in water; with oxygen and carbon dioxide the quan¬ 

tities present are much greater than eaja be explained by simple solu~ 
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In the case of oxygen, for example, the amount present does not 
vary appreciably with the pressure of the gas in the lungs, whereas 
the amount of a gas dissolved by a liquid is directly proportional to 
the pressure of the gas. The greater portion of the oxygen (probably 
all but about one volume per 100 volumes of blood) is in the state 
of combination with haemoglobin. The oxyhaemoglobin is, however, 
easily dissociated, and if the quantity of dissolved oxygen be dimin¬ 
ished from any cause, the combined oxygen is diminished proportion¬ 
ately. The great bulk of the oxygen of the blood is thus to be 
found in the red corpuscles, while only a small quantity is in the 
plasma. 

With carbon dioxide the case is different. Of the 40 to 46 volumes 
of the gas present in 100 volumes of blood about two are in the state 
of simple solution, the remainder in a state of weak combination, 
partly with the haemoglobin of the red corpuscles, but mainly as bi¬ 
carbonates in solution in the plasma. 

Eespiration consists in bringing air into close proximity to the 
blood stream, in the lungs, separation being only maintained by the 
thin walls of the capillaries and air cells or alveoli. The air in the 
alveoli is not renewed by mechanical expulsion due to inspiration, 
but by diffusion from and into the bronchial tubes. 

The partial pressure of the dissolved carbon dioxide in the venous 
blood is greater than that in the air of the alveoli; consequently, 
the blood plasma loses carbon dioxide, thus producing dissociation of 
the bicarbonates in solution. The partial pressure of the dissolved 
oxygen in the venous blood is, however, less than that of the 
alveolar air, and consequently the plasma takes in oxygen. This 
disturbs the equilibrium between the dissolved oxygen of the blood 
plasma and the combined oxygen of the oxyhaemoglobin, causing the 
formation of more of the latter with a simultaneous diminution of the 
former. The blood plasma is thus able to take in a further quantity 
of oxygen from the air. In this way it is probable that all the oxygen 
which goes into the blood in the lungs d:es so by passing through the^ 
stage of dissolved oxygen in the plasma. 

At the same time the air in' the lungs becomes saturated with 
aqueous vapour at the temperature of the body. 

The number of respirations per minute varies with the age, etc.,, 
of the animal. For adult animals the following is the average:— 

Horse.9 to 12 

Ox.15 „ 18 

Sheep . . . . . . . . . . 18 „ 16 

The change produced in the composition of air by respiration is 
indicated in the table on the following page, which gives the average 
composition of air before and after inspiration. 

The most important changes undergone by the air are the loss of 
oxygen and the gain in carbon dioxide and aqueous vapour. Oxygen 
by its union vnth carbon gives rise to its own volume of carbon dioxide. 
The increase in the volume of carbon dioxide during respiration is, 
however, almost always less than the decrease in that of oxygen. The 

19 
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animal transforms into mechanical work, does mt, in the body, pass 
through the state of heat. The transformation of energy from car¬ 
bonaceous material into mechanical work is far more efficiently done in 
the animal body than it is in even the best constructed steam engine. 

In actual tests it has been found that animals (men, dogs and 
horses) can utilise about 33 per cent of the energy of their food in 
external work, while no steam engine has ever been known to utilise 
half this proportion of the energy of the fuel used. 

How the conversion of the energy of chemical action between 
oxygen and the carbonaceous substances derived from the food takes 
place is not known, and the process apparently has no analogue in any 
of the artificial transformations of energy. 

Seat of oxidation in the Z><9^^^.~Although almost all the oxygen ab¬ 
sorption of the body occurs in the lungs (a small amount also through 
the skin), the act of union with the combustible matter derived from 
the food and the consequent heat production do not occur there. It 
is not in the lungs nor even in the blood that the combustion and for¬ 
mation of carbon dioxide occur, but in the tissues themselves. 

A portion of the energy evolved by this combination of the nutrients 
derived from the food with the oxygen obtained from air, is directly 
converted into heat and is the source of animal heat, but a considerable 
portion is transformed directly into mechanical work and used by the 
animal in carrying on the internal work of the body—circulation, 
breathing, mastication, etc ,—or the external work of locomotion, etc. 
The energy consumed in internal work in the body eventually is de¬ 
graded into heat, and under some conditions may serve to maintain the 
temperature despite the losses of heat by radiation from the surface 
of the animal. When more heat is evolved than is normally lost, the 
temperature would rise were it not for the extra heat absorbed by the 
increased evaporation induced by perspiration. 

Bones.—Bone consists mainly of an earthy substance permeated 
’by an albuminoid known as ossein. Bones are also intersected by 
blood-vessels, nerves, etc. The marrow of bones consists mainly of 
fat and albumin. 

The proportion between the organic matter of bone and its mineral 
constituents is liable to considerable variation, according to the 
quantities of blood-vessels, nerves, marrow and water which may be 
present. 

Usually from 30 to 50 per cent of the weight of bone is lost on 
burning. The composition of similar bones (the metatarsus) of several 
animals were examined by the writer in connection with an investi¬ 
gation of the disease known as osteoporosis,” and the results may be 
here given. 

The bones of three healthy mules were found to contain, on the 
average— 


Moisture.5-34 

Organic matter.37*77 

Ash.56*89 


100*00 






THI‘. ASIMM*. 


XIIL 


Thci organics Hia!ti*r m>n!aiiM*«I 

Viii . 

Kitmgi'ii , . . ■ 

The* anh 

... . 

l’hnH|ilton« pnitoxiili* 

HilUm ..... 


Thit ratir> of ft) hhIj 5 I : I I'.'l. 

With four aiiiiualH whic’.li liiui tlh'd lip- 

il'ii- 

MoiHUirt? . , . . » . • * • ** III 

(Jrj^auic iijfUt«*r ........ 

AhIi .. 


Tht? organic riiiittcr coiitiiincil 

Fat .......... 

......... 

The itHh coiitairuMi 

fiiiiMi . J 7 " 7 'I 

Ph<'i«Iilioni« ....... l 

HiHm .......... W*l^ 

Thii lutio of nitrogen Ici anh | : 1111 
The of the 4ecen««*il anitiiiilH were tliii»^ riclir*r in 
organic matter, nitrogen itn«l Milica, but iiiiicb poorer in liiiic iiinl 
|>hoMphorim pciiirmiile tliaii ihoMc of llie tiortiiiil iiiiiiniilH. 

Bimilar atwl «*f|Uiilly comwiliiiil were fniiiitl -wiili rlorikcy.f 

arul horaiw. 

The mtio of nttrogfm to aMli in ihc Imncfi im the iiioMt fiigiiifiiaiiil 
point, fiiiicc it m really a rnimaiire cif the jirciiKirbriii of lo iii- 

organic mattiT: the pro}jc>rtiori of fiti |ircw'*iil itiAy b» liable In iictii* 
rlcntal variation. 

Thfi inorganic itmitiir left m a^h mtminU tiiiiiiily of ciilciiiini tilioi* 
phatc, blit iiiclntloa aImo carlmniitiia, riiloriii«s« itwl tliiorifleA of imiciititi 

anil rnitgricaitirti, 

Thii following teblc givtui lh« jn^rinfiilfige iioiii|»oMitioii of Itin ii»li of 

boniii of mrimiii atiiirialfi* 



1 

, o«. 

•! 

Ummn'pij 

CiJclain phcipltate 

. j AifI 


I 4 f*| 

plmplial# » . , . « 

. 1 1 # 

: ifi 

t‘l 

CaloiMtii is fsarbonatt, cbloilit *»i iiioili# « 

, ! Ill 


I'll 

Carlicin 4 iiiAi<i# 

. ^ -If 

i m 

V«. 

Ghloriw 

. ^ m 

: ri*i. 

iri 

Flaorfiii 

. 1 

; mi , 



. !IS‘i 

, MIHI! 














FATTY TISSUE—MUSCLE. 


293 


The proportions of valuable manurial substances in bones has 
already been given.^ 

The Fatty Tissue. —This consists of cells, the walls of which are 
composed of a proteid substance resembling elastin, filled with fat 
which, during life, is in the fluid state. The fat consists mainly of 
glyceryl esters of stearic, oleic, palmitic, and other fatty acids; but, 
in addition, free fatty acids are present in small amount. Animal fats 
resemble in constitution the vegetable oils already described.^ 

Fats from different animals, or even from different parts of the 
same animal, have very different properties, especially as to consis¬ 
tency and melting-point. These depend upon the relative amount of 
the glycerides of high melting-point {e.g., stearin, melting-point about 
63 °, and palmitin, melting-point 62 °), and those of low melting-point 
(olein, melting-point about - 5 °). 

The average proportions of fat, water and membrane (cell walls, 
etc.) are given by Hammarsten as follows:— 


i 

Water. 

Membrane. 

4 

Fat. 

1 '■ '■ ■ ' ■ ■ 

1 Fatty tissue of oxen. 

9-96 

1*16 

88*88 

1 .. sheep. 

10'48 

1*64 

87*88 

1 .. pigs. 

6-44 

1*35 

i 

92*21 


Fat may be produced in the animal from the fat, proteids or carbo¬ 
hydrates contaiaed in the food. It has been calculated that under 
favourable conditions an animal (ox) can utilise, in the formation of 
body fat the following proportions of the energy of its digestible food 
constituents :— 

Protein ..35 per cent. 

Fat ......... 64 „ 

Starch and fibre.57 „ „ 

It forms a valuable reserve, from which the animal can draw in times 
of scarcity of food, being the most concentrated form in which energ}^ 
can be stored in the body. 

Muscle. —Muscular fibre consists of a sheath composed of elastin 
and the contents, mainly albumins. 

Myosin is the principal albuminous constituent of the dead muscle. 
Its amount varies from 3 to 11 per cent. It is a globulin, is soluble 
in neutral salt solutions, and coagulates at 56 °. 

Other albuminoids are found in muscle, of which musculin, muscle- 
stroma and myoglobin are the chief. 

There are also nitrogenous extractives ” present, the chief being 
creatine (methyl-guanidine acetic acid), NH: C(NH2).N(CH3).CH2. 
COOH H- HgO ; hypoxanthine or sarcine, C5H4N4O; xanthine, 
Cr,H4N402; guanine, C^jH^NgO; and carnine, C^IIgN^Og -f H2O. 

These substances constitute the chief ingredients of the various 

1 Vide p. 137. 2 p, 2 O 8 . 
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commercial “ extracts of meat”. Though they cannot apparently act 
as true foods, they have an important function to play with regard to 
the palatability and digestibility of the foods in which they occur. 

Muscle also contains inosite or inositol, (hexahy- 

droxy-hexamethylene), glycogen, a sugar (probably glucose 

and most likely formed, after death, from glycogen), and sarcolactic 
acid, CHj^.CH(OH).COOH. Fat is also present, together with lecithin. 

Ths gases present in muscle consist mainly of carbon dioxide, with 
traces of nitrogen. 

Of the mineral comtituents, potassium and phosphoric acid are the 
chief; sodium, magnesium, calcium, chlorine and iron are also pres¬ 
ent. Sulphates are found in the ash, but probably are derived from 
the sulphur of the proteids. 

Detailed analyses of muscle are rarely made, most published 
analyses having for their object the determination of the nutritive 
value rather than the true composition. 

The following analyses are quoted by Hammarsten :— 



Mammalians. 

Birds. 

Cold-blooded 

animals, 

Solids. 

21*7 to 25-5 

22*7 to 28-2 

20*0 

Water ...... 

74-5 , 

, 78*3 

71*7 „ 77*3 

80-0 

Myosin. 

3-5 , 

, 10-6 

2*98 „ 11*1 
8*8 „ 18-4 

2*97 to 8-7 

Stroma. 

7*8 „ 16*1 

7*0 „ 12-1 

Alkali-albuminate .... 

^•9 , 

, 3*0 

— 

— 

Creatine ...... 

0-2 

3*4 

2-3 

Xanthine bodies .... 

0*01 to 0-07 

0*07 to 0*13 

— 

Inosite. 

0*003 

— 

— 

Glycogen. 

0*4 to 0*5 

— 

0*3 to 0*5 

Lactic acid. 

—and a very variable amount of fat 

0-04 , 

, 0*07 




Living muscle has an alkaline reaction, but after death a change 
occurs, and it acquires an acid reaction, due probably to the formation 
of sarcolactic acid. 

When muscle contracts, oxidation goes on at an accelerated rate 
and more carbon dioxide is produced and carried away in the blood 
which bathes the muscle. The consequent increased production of 
energy is consumed, partly in doing the mechanical work performed 
by the muscle and partly in raising the temperature. 

The glycogen and sugar are the chief sources from which this 
energy is derived. Fat may be consumed if the carbohydrates are in 
insufficient quantity; but although early experimenters concluded that 
muscular exertion increased the quantity of nitrogenous waste from 
the body, more recent researches tend to show that this is not the case. 
The nitrogenous waste is chiefly excreted in the form of urea in the 
urine and sweat. 

Connective Tissue,- —^This material which constitutes the main 
ingredient in the tendons, ligaments, cartilages, skin, etc., of the animal 
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body, consists essentially of gelatine-yielding substances, of which the 
following are the chief:— 

1. Eiastin, an insoluble substance containing little or no sulphur. 
Its composition, according to analyses quoted by Hammarsten, is 
about— 

Carbon. Hydrogen- Nitrogen. Oxygen. 

54’3 7*2 16*7 21*8 per cent. 

2. Collagen, an insoluble body yielding gelatine by long boiling 
with water. It contains about 0*6 per cent sulphur. 

Hammarsten gives the following:— 



Carbon. 

Hydrogen. 

Nitrogen, 

Oxygen and 
sulpliur. 

Collageo. .... 

60-75 

6*47 

17*86 

24*02 per cent 

Gelatine .... 

50-00 

G*50 

17*50 

26*00 „ 1 


On decomposition, it yields albuminous substances and a large 
quantity of glycocoll [amino-acetic acid, CH 2 (NHy).COOH], some¬ 
times called sugar of glue. 

3. Keratin ,—This is the chief constituent of horns, hoofs, skin, 
feathers, hair, wool and nails. Obtained from different sources, it 
shows a variation in composition; in general, it resembles collagen 
or gelatine, but differs from those substances in containing ihuch more 
sulphur (4 or 5 per cent), part of which is in a very loose state of 
combination and may be removed by alkalies.or even by boiling with 
water. Keratin is insoluble in water, alcohol, or ether, but can be 
dissolved by heating with water to 150° or 200° under pressure. 

Digestion. —The food of an animal is rarely in a form capable 
of direct absorption into the system. Before it can be taken into the 
blood stream and utilised in the body, it is usually necessary that 
certain chemical changes should be produced so as to render its con¬ 
stituents soluble and diffusible. These changes are brought about by 
the process of digestion, which consists mainly in breaking down in¬ 
soluble, complex carbon compounds into simpler, soluble substances, 
chiefly by the aid of enzymes or unorganised ferments. Digestion is 
accomplished partly by mechanical, partly by chemical means. 

The process commences with mastication—the food is submitted 
to a comminuting action by the teeth and tongue and at the same 
time is mixed with saliva. This is a very dilute solution, of faint 
alkaline reaction, containing various substances, secreted by special 
glands and poured into the mouth. It has been estimated that an ox 
secretes 112 lb. of saliva daily. The results of investigations as to 
the composition of saliva show it to contain only from 0-4 to 1 per 
cent of solid matter. In human saliva, potassium thiocyanate is usu¬ 
ally present, its average amount being probably about -01 per cent. 

Alkaline chlorides, phosphates and sulphates are also present, 
together with mucin, a proteid body of slimy consistency. Of special 
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importance is the characteristic enzyme of the saliva— 
salivary diastase. This enzyme, which works most rapidly at about 
30° and is destroyed at about 65° or 70°, has powers similar to those 
of plant diastase, i.e.^ it converts starch, first into soluble starch, next 
into dextrin, and finally into maltose. The conversion of the starch 
of food into sugar is commenced, but not completed, in the mouth. 

The food next passes into the stomach, which in ruminating 
animals is divided into several parts and from which the food can be 
brought back into the mouth to undergo further mastication chewing 
the'cud”). In the stomach, gastric juice is brought into contact with 
the food. This is a colourless or slightly yellow liquid secreted in the 
stomach, containing free hydrochloric acid and chlorides and phos¬ 
phates of calcium, magnesium and the alkalies. Its characteristic 
constituents, however, are the enzymes, which has the power 

of converting proteids first into albumoses and peptones, and finally 
into amino-acids, thereby rendering them soluble and diffusible, and 
vemiet or chymosin, which coagulates casein. These enzymes have 
not been obtained in a pure state and to some extent probably exist 
as “ zymogens,” i.e., substances which yield the true enzymes on 
treatment with an acid. 

The composition of the gastric juice of various animals is given by 
Hammarsten thus:— 



Human, mixed 
with saliva. 

Dog, free from 
saliva. 

Sheep. 

Water. 

99*41 

97-30 

98-62 

Solids. . ..... 

0*56 

2-70 

1-38 

Organic bodies. 

0*32 

1-71 

0-41 

Common salt. 

0*15 

0-26 

0*44 

Calcium chloride .... 

0*01 

0-06 

0*01 

Potas ium chloride .... 

0*06 

0-11 

0*15 

Free hydrochloric acid 

Phosphates of iron, calcium, and 

.0*02 

0-31 

0*12 

magnesitim. 

0*01 

0-20 

0*21 


How the free hydrochloric acid of the gastric juice is secreted from 
the alkaline blood is not exactly known. Maly's theory is that the 
carbon dioxide of the blood sets free minute traces of hydrochloric 
acid from chlorides, possibly through the intervention of phosphates, 
thus :— 

. Na^HPO^ + GO. + H^O = NaHCO, + 

NaHgPO^ -f- NaCl = Na^HPO, + HCl 

—and that the acid so formed diffuses from the blood into the gastric 
juice, being possibly held there in weak combination with pepsin. 

Pepsin is apparently a nitrogenous substance like other enzymes, 
and is destroyed by boiling, though in the dry state it is said to be 
able to bear a temperature of over 100° without losing its activity. 
Its characteristic property is its power of converting, in acid but not 
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in alkaline solutions, albuminous bodies into soluble peptones and 
albumoses, or rather into their constituent amino-acids. A solution 
containing about 0*1 to 0*3 per cent of hydrochloric acid is most favour¬ 
able for its action. 

The proteid swells up and becomes transparent and finally dis¬ 
solves. In the case of pepsin from most warm-blooded animals, 
activity ceases below 3° and is at a maximum about 40'". Salicylic 
acid and phenol hinder digestion by pepsin, while arsenious acid is 
said to promote it. By the movements of the walls of the stomach, 
the food is kneaded and incorporated with the gastric juice, the pulpy 
mass produced being known as chyme. The chyme then passes into 
the intestines. The proteids are the principal constituents of the food 
affected by the gastric juice, though the melting of the fat and the 
removal of the cell walls from fatty tissue are important physical 
changes. In the case of animals fed upon starchy foods, a slight 
amount of hydrolysis, resulting in the formation of sugar and also of 
lactic acid, is said to occur in the stomach. The chief effect, how¬ 
ever, may be said to be the action on the proteids. The process of 
digestion of proteids and their assimilation has received much atten¬ 
tion during the past few years and much further knowledge has been 
acquired. 

There seems to be no doubt that the effect of the enzymes con¬ 
tained in the digestive secretions is to hydrolyse the complex mole¬ 
cules of proteid into their constituent amino-acids, and that these 
substances enter the blood and are afcerwards built up again by the 
animal into body-forming proteids. Abderhalden and others have 
fed animals upon artificially hydrolysed proteids and kept them in 
health and in good growth for long periods. Van Slyke and others 
have shown that the blood of animals recently fed with proteids con¬ 
tain amino-acids, while peptones and albumoses, the first stage of 
digestion, if introduced into the blood, cannot be utilised in building 
up tissue, but are excreted in the urine. 

It has been shown, too, that when certain amino-acids are absent 
from the products of hydrolysis of a given proteid, animals which are 
fed with this proteid do not increase in weight, and if the diet be per¬ 
sisted in, eventually die. Thus, if tryptophane be not present in the 
hydrolysis products, the animals immediately cease to grow, but if 
a comparatively small quantity of tryptophane be added to the diet, 
growth is resumed. 

So, too, if arginine and histidine be withheld, growth is soon 
arrested, but recommences when these amino-acids are again added 
to the diet. On the other hand, direct experiments seem to indicate 
that glutamic and aspartic acids—large constituents in the product of 
hydrolysis of most proteids—can be removed without serious loss of 
growth, probably indicating that the animal is able to build up these 
simple compounds from ammonium compounds and fats or carbo¬ 
hydrates. 

These results indicate that further investigations may yield very 
valuable information with reference to the supply of proteid matter 
in the food of animals and enable rations to be designed in such a 
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of the horse varies from 0‘9 to 1*8 per cent, in that of the sheep from 
1*4 to 3*7 per cent, and in that of the rabbit from 1*1 to 2*6 per cent, 
whilst in that of man it is about 2*4 per cent. 

The amount of ash, chiefly common salt, appears to be generally 
from 0*6 to 0*8 per cent. 

The most important constituents are, of .course, the enzymes. 

1 . The loancreatic diastase or amylopsin .—This body is similar in 
many respects to ptyalin, but appears to be distinct from it. It acts 
upon starch more energetically, even attacking and dissolving un¬ 
boiled starch. It yields dextrin and maltose. 

2 . fat-splitting enzyme, steapsin, or pialyn .—This enzyme has 
the power of hydrolysing the fats {i.e., decomposing them into glycerol 
and free fatty acids, which, in the alkaline liquid, probably form soaps), 
and at the same time, of emulsifying them. 

The hydrolytic process only affects a very small amount of the 
fats ; but the emulsification extends to nearly the whole quantity pres¬ 
ent, the soaps formed in the first process greatly facilitating the 
formation of the emulsion. 

3. The 2 ^'^oteolytiG enzyme, trypsin. — This acts, like pepsin, in 
digesting proteids; it differs from the ferment of the gastric juice, 
however, in acting best in an alkaline solution, and in being more 
rapid in its action, especially towards fibrin and elastin. In the pan¬ 
creas itself, little or no trypsin exists, but a zymogen known as tryp)- 
sinogen occurs. This body, by the action of acids, water, alcohol, or of 
an enzyme, enterokmase, contained in intestinal juice, splits off trypsin. 

There is some evidence of the existence of a milk-curdling ferment 
in the pancreatic juice. 

Changes in the Intestines. —As already stated, the intestinal 
secretions are alkaline, and in such a medium bacteria can readily 
flourish. Bacteria, therefore, are usually abundant after the food has 
passed out of the range of the antiseptic gastric juice. Bacteria effect 
various changes of a putrefactive character. Carbohydrates undergo 
the lactic fermentation, cellulose is split up into carbon dioxide and 
methane, while butyric acid and even free hydrogen are also produced. 
In ruminants the amount of methane produced in these changes is 
enormous. As much as 700 litres per day has been collected from a 
fattening ox (Kellner). Other bacteria produce hydrolysis of fats, 
yielding valeric acid, C 4 H,j.COOH, or isobutyric acid, C.jH^GOOH = 
CH(CH,)2.C00H. 

A considerable portion of coarse fodder is digested by ruminants 
largely by the aid of these intestinal bacteria. The bacteria, like all 
living organisms, require nitrogenous food ; normally they probably get 
this from proteins in the food ; but it has been shown that amino-acids 
and even ammonium compounds can serve as their food. Hence amino- 
compounds in food stuffs may lead to considerable economy in protein 
consumption. 

It may be possible, too, that the intestinal bacteria build up true 
proteids from the amino-compounds and that these are digested by the 
animal. 
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cholic acid, C2(5H45NO-S. These are both monobasic acids and give, 
with strong sulphuric acid and cane sugar (or, better, with a minute 
trace of furfurol), characteristic colour reactions (Pettenkofer’s reaction). 
The liquid becomes successively cherry-red, dark red and finally 
purple-violet. The acids and their alkaline salts have a strong bitter 
taste. Solutions of sodium or potassium salts of both acids have sol¬ 
vent powers for soaps, lecithin and cholesterol. 

The acids undergo hydrolysis, taurocholic acid the more readily, 
yielding, in the one case, glycocoll and cholalic acid, and in the other 
taurine and cholalic acid, thus:— 

C2oH,,NO, + H 2 O == CH2(NH2)C00H + 
and GooH^sNO^S 4 - H^O - CH2(NH2).CH2.S02.0H + Cg.H^oO^. 

Gkjcocoll —glycine—amino-acetic acid—CH2(NH2).COOH, is a 
crystalline body, of sweet taste, very soluble in water, and of acid 
reaction. It is also produced by the decomposition of hippuric acid, 
C,.Hr,CO.NH.CH2.COOH, and in the pancreatic digestion of gelatine. 

Tanrim, amino-ethyl sulphonic acid, NH2.CH2.CH2.SO2.OH, is a 
crystalline, tasteless body, soluble in water, insoluble in alcohol, and 
of neutral reaction. 

Cholalic acid, C24H4y05, a monobasic acid, is very slightly soluble 
in cold water. It has the characteristic bitter taste of the bile acids. 

The bile pigments are chiefly bilirubin and biliverdin. 

These pigments appear to be formed from hsemoglobin, or rather 
haematin, but contain no iron. 

Bilirubin, ^ reddish-yellow substance, insoluble in 

water but soluble in alcohol or chloroform. It is also soluble in 
alkalies. It is found in bile, especially in that of the carnivora, and 
also occurs, in combination with calcium, in gall-stones. On exposure 
to air, alkaline solutions absorb oxygen and become green (biliverdin). 

Bilimrdin, C32H3^.N40g, is an amorphous green substance, insoluble 
in water but soluble in alcohol and in alkalies. It is found in bile, in 
shells of birds’ eggs, and sometimes in gall-stones. Other colouring 
substances, e,g., hilipurpurin, C3.2H34N4O5, have been found in bile. 

The mineral matters include potassium, sodium, calcium, mag¬ 
nesium, iron, and often traces of copper and zinc; phosphates and 
chlorides are also present. 

Bile undoubtedly plays an important part in the digestion of fats. 
If the bile be prevented from entering the alimentary canal, the faeces 
become light-coloured, much more putrescent, and contain a large 
amount of fat. Bile has a slight solvent power upon fats, as is 
evidenced by the well-known use of ox-gall for removing greasy stains 
from textile fabrics. It also possesses, in a well-marked degree, the 
property of aiding the pancreatic and intestinal juices in bringing 
about the emulsification of fats; this is probably by virtue of its 
alkalinity and the power possessed by bile acids and their salts of dis¬ 
solving lime soap and cholesterol. Bile is said to be possessed of anti¬ 
septic properties and to regulate the putrefaction which occurs-in the 
intestines. It is also a laxative. 

Bile is to a great extent reabsorbed in the intestines and only a 
portion is expelled in the faeces. 
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Length of intestines 
in feet. 

Ratio of capacity 
of stomach. 

Per cent. 

Horse . 

98 

8*5 

Ox . . . 

187 1 

71*0 

Sheep . 

107 

67*0 

Pig 

77 

29*0 


from the blood by the kidneys, which contain several albuminous 
bodies, fat, xanthine, urea, uric acid, glycogen, leucine, inosite, taurine 
and cystine. Urine varies greatly in composition with the breed of 
animal, the food, quantity of exercise, amount of water taken, and 
many other circumstances. In carnivora and man, urine is usually 
acid, while in herbivora it is neutral or alkaline. 

The specific gravity varies greatly; its determination furnishes an 
important means of estimating the total solids present. In the case 
of human urine, variations from 1*002 to 1-040 have been observed. 
The characteristic constituent of urine is urea or carbamide, CO(NH,>) 2 ,^ 
which is more abundant in the urine of carnivora than in that of her¬ 
bivora. 

.NH —CO 

Creatinine, or NH: I xanthine, CrH.N.O.,, 

\N(CH3).CH2, 

and smaller quantities of allied substances also occur in the urine of 
man and some mammalia. 

.NH.CO 

Uric acid, OsH^Np^, or 00^ C.NH\„ 

occurs abundantly in the excrements of birds and serpents, also in the 
urine of carnivora and man, and, to a very small extent, in that of the 
herbivora. Uric acid is a dibasic acid, and both the acid and its acid 
salts are very slightly soluble in water. In certain diseases, e.g., gout, 
deposits of uric acid and urates are formed in the body. 

Hippiiric acid, benzoylamino-acetic acid, CgH^NOjj, or C^.H^.CO. 
NH.CHg.COOH. This substance is found (to the amount of about 
2 per cent) in the urine of horses, cattle and many herbivora; it is 
also present in human urine (usually about 0*5 per cent), and during 
starvation, in that of carnivora. 

^According to Werner (J.O.S., 1918, Trans. 84 and 622), urea has the con- 

stitution HN : 05^^ J ammonia can unite with either form of cyanic acid, the 

-enol form HO.CN or the keto-form HN : 00. In the former case it yields 
ammonium cyanate, NH 4 O.ON, in the latter, urea, NH 4 N : CO, which is then 
supposed to arrange itself thus— 

HN : 


/NHg 

<A 
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Hippuric acid readily decomposes (under hydrolysis), giving ben¬ 
zoic acid and amino-acetic acid (glycocoll)— 

QH5CO.NH.CH2.COOH + HP = C0H5.COOH + CH2(NH2).C00H. 

It is probably from the phenyl derivatives present in hay, grass 
and many fruits and berries that hippuric acid is formed in the animal. 
Moreover, the hydrolysis of proteids yields certain phenyl derivatives, 
e.g,, phenylalanine, which may produce benzoic acid and thus hippuric 
acid on oxidation. 

Other derivatives of benzene occur in the urine, especially of her- 
bivora; phenyl sulphuric acid, CgH^.O.SOg.OH, occurs as potas¬ 

sium salt. Cresyl sulphuric acid, CgH 4 (CH 3 ). 0 .S 02 . 0 H, and p^ro- 
catechin sulphuric acid, CqH4(0H).0.S02.0H, also occur in the urine 
of horses. Indoxyl sulphuric acid, CgH^^N.O.SOg.OH, or indican, is 
also found in urine, especially of herbivora. By warming with acids, 
its potash salt yields indoxyl and potassium acid sulphate :— 

C3H,N.O.S02.0K -p H2O = C 8 H,N( 0 H) + KHSO4. 

On oxidation, e,g., by bleaching powder, indoxyl yields indigo :— 
SGsHeN.OH + 0^ = 










CHAPTEE XIV. 


Foods and Feeding. 


Many references have already been made to the chief constituents of 
the food of animals. In this chapter will be given a summary of some 
of the chief facts relating to the composition, digestibility and other 
properties of foods and to the principles upon which the construction 
of rations for farm animals, under various circumstances, is based. 


The Composition of Foods. —In addition to the crops grown on 
the farm, the compositions of which have already been discussed in 
Chapter XII, many purchased foods are used in feeding animals. 
Many of these are by-products, obtained either in the preparation of 
flour, meal, etc., from grain of all sorts, or residues left after the ex¬ 
pression or extraction of oil from oil-bearing seeds. 

The constituents of foods are usually divided into— 


1 . 

2 . 


Non-nitrogenous 


Soluble carbohydrates 
Crude fibre 
Fats or oils 
Mineral matter 


f Albuminoids or proteids 
Nitrogenousj^^.^^ compounds and s 


amides 


This plan of reporting analyses of foods, though unsatisfactory 
in some respects, has been generally adopted, and the great majority 
of published analyses are expressed in its terms. 

The imperfections of the method, as regards carbohydrates, crude 
fibre* and albuminoids have already been alluded to in the chapters on 
Crops and the Constituents of Plants. 

The composition of the usual farm crops has already been given, 
but it remains to briefly describe the chemical nature of certain by¬ 
products used as foodstuffs on the farm. 


By-products from Oil-bearing Seeds. —Prominent among 
these are the residues left after the expression or extraction of oil 
from oil-bearing seeds. These are known under the general name 
of “ oil cakes,’* among which the more important are— 

Linseed cake .—The composition of linseed has already been given. 
In the manufacture of linseed oil the crushed seed is treated by one 
of two processes—(1) simple pressure aided by heat, or (2) extraction 
by means of petroleum naphtha. In the latter process, which is 
largely replacing the older one, especially in America, the solvent is 
removed by means of steam, and the pressed residue is then ground 
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and sent into the market as oil meal or linseed meal. The new pro¬ 
cess meal is richer in protein and carbohydrates, but much poorer in 
fat. It is also less digestible than the old process meal. 

Properly ripened linseed is free from starch, though the immature 
seed contains a small quantity. Many weed seeds, perhaps accident¬ 
ally mixed with the linseed, are usually rich in starch. As a rule 
the oil extractor is careful to exclude all foreign matters from the seed 
because of their retaining the oil, which is very valuable. The presence 
of starch, therefore, in linseed cake or meal generally indicates adul¬ 
teration after the extraction of the oil. 

Occasionally the husks of the castor-oil seed occur in linseed cakes 
(probably through accident), and such cakes are often poisonous. A 
method for the detection of such admixture is described by Leather.^ 

As a rule, Russian and English cakes are richest in oil, while the 
American products excel in nitrogenous compounds. Indian cakes 
are poorest in albuminoids, and American ones, owing to the higher 
.pressures employed in their manufacture, are deficient in oil. 

A point of some interest is the almost universal occurrence of a 
cyanogenetic glucoside, limmarin, identical with fliaseolu'imtin, in 
linseed cake. Fortunately, the hydrolysing enzyme, capable of liberat¬ 
ing hydrocyanic acid from this substance, which is present in the 
seed, is destroyed by the high temperature employed during the extrac¬ 
tion of the oil, so that the cake is rarely, if ever, poisonous from this 
cause.*-^ Indeed, the minute quantities of prussic acid liberated may 
exert a beneficial medicinal effect upon the animals.'^ 

Linseed cake is, deservedly, one of the most popular feeding stuffs 
among cattle feeders. 

Cotton-seed cake .—^For composition of the seed see p. 258. 

Two varieties of cake are made— decorticated, in which the envelopes 
of the seed, with the adhering particles of cotton, are removed before 
expressing the oil; and nndecorticated, in which the whole seed is sub¬ 
jected to hydraulic pressure. The latter is naturally of much less 
value than the former. 

The “hulls'’ removed in the process of “decortication” are 
used locally as food for cattle, but in England are not of much im¬ 
portance. 

Decorticated cotton cake is a concentrated and valuable food for 
all farm animals except pigs and calves. In the case of the animals 
mentioned, sickness and death have frequently resulted from feeding 
with cotton cake or meal. The poisonous effect has been attributed 
to choline, which is present in cotton seed.'*' According to Crawford 
(1910) the toxic effects are due to the presence of salts of pyrophos- 
phoric acid, H^PgOy. This is denied by Symes and G-ardner.^ Ac¬ 
cording to recent work,® the toxic substance is gossypol, CgoH^gO,*, a 

^ Jour. Roy. Agric. Soe., 1892. 

^ Vide Henry and Auld, Jour. Soc. Ghem. Ind., 1908, 428. 

3 Eyre and Armstrong, Brit. Assoc., 1912; NaUi/re, 'Noy. 14, 1912, 319. 

4 Vide p. 225. ®Bioch.em. J., 1915, 9 ; J.O.S., 1916, Abstract, i. 482, 

® Oarruth, J. Biol. Ohem.» 1917, 87 ; J.O.S., 1917, Abstract, i. 719 ; als6 J. Amer. 
Ohem. Soc., 1918, 647; J.G.S., 1918, Abstract, i.266; and J. Agric. Research, 1918, 
83; J.G.S., 1918, 327. 
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substance of phenolic nature which occurs in glands in the seed. 
During the pressing of the seed, gossypol is spread over the tissues 
and a large portion undergoes oxidation, being transformed into a 
much less toxic and less soluble compound known as D-gossypoL 
A yellow compound, B-gossypol, is obtained by the action of heat, while 
fusion with caustic soda and subsequent acidification in a reducing 
atmosphere yields a white substance, C-gossypol. 

The toxicity of cotton-seed meal is due chiefly to the presence of 
unchanged gossypol. It may be detected by the action of a drop of 
concentrated sulphuric acid upon a little of the meal under a low 
power of a microscope, when red areas appear where the acid touches 
the partially disintegrated glands containing the gossypol. Gossypol 
also forms a yellow crystalline precipitate with aniline. In cold 
pressing of cotton seed, most of the gossypol passes into the oil, from 
which it is removed in refining. 

Cotton-seed cake, fed to dairy cows, increases the firmness and 
whiteness of the butter, but if used too freely causes the butter to give 
the reactions for cotton-seed oil, thus giving rise to the suspicion of its 
being adulterated with margarine. 

Bape-seed calce. —This product is little used as food, especially in 
England, owing to its being not very palatable. It becomes particularly 
obnoxious to the taste when moistened, owing to the production of 
mustard oil. Its composition, however, shows it to have a high nutri¬ 
tive value. When the oil has been extracted by means of solvents, the 
cake is largely used as a manure. 

Earth-nut or pea-nut cake. —This is a valuable food, largely em¬ 
ployed on the Continent, though little used in England or America. 
It is particularly rich in proteids. 

Palm-nut cake or meal is also employed on the Continent as a food, 
being appetising, digestible and of good keeping property. It is much 
valued for dairy cows. 

Sunflower-seed cake. —Sunflower seed is a valuable crop in certain 
parts of Eussia and contains about 20 per cent of oil. When this is. 
extracted by pressure, the residue, containing from 9 to 14 per cent 
of oil and from 30 to 45 per cent of albuminoids, is sometimes used as. 
a cattle food." 

Corn oil cake or germ oil meal is the residue left after the extraction: 
(by pressure) of the oil from maize germ. This product is largely 
produced and used as a food in America. It is rich in proteids and fat 
and very digestible. Attempts have lately been made to introduce this, 
and other maize by-products into England, particularly for dairy cows.. 

Soy-hean cake, the residue left after the extraction of oil from 
Soy bean, is a valuable, highly nitrogenous food. When the oil is ex¬ 
pressed from the beans, the cake usually retains from 6 to 10 per cent 
of oil, but when the extraction is done by solvent, the resulting “ meal ” 
contains only about 2*5 per cent of oil. 

Castor-seed cake contains a poisonous substance, ricinine, which, 
however, can be rendered harmless by the action of superheated 
steam.^ It is rarely or never used as food in England. 

1 Vide p. 257, Chap. XII. 





l'ncH»s \SU 




:m 


Almond rah'r IS it viiiuahlt^ IihhI. Ini?. lud MhiiyuiihU' ui nin hif^«- 
<|iiantity. 

(^(taHi-nnl wrtil aiMl rn/rn, ri’Niilu*’^ It’ll tli*’ t’\!r.; 4 r’!,niii tir 

prnHHion of oil t’n>ni tin* flonh «»f llii* oootm loif, air hi^hh 
foodn, tmpocially for iliiirv 

SeHamr rnke in alnci a good fmMi, tlitnigli Hoiiiowiira! hahU- in Ipm-miu*- 

rancid on k(n‘ping. 

By-products from Starch Maiiufacturc. Si 4 ii'l,} i ■ <il*!.iii;rd 
from poiaiocH, ricr.or vvlii^n!, in iiliiiont nil l^4^r^ I*;, n ? 1 j»' 

raw inatcTial with water. Ht^panifiiig llio lihrme^ «ri ii.iii • 

by incatiH of hIcwoh and rocovt^riug f in* Hiareh gnifinirt^ fioisi ihr iialki 
looking liquid by Heiliiiieiitalion. The ti!»roie‘» proiiMiiH, 
known m “Hludgi*/' are then tiiili^^ed m ealile imml, m lie- mr! 

condition, in wfiicli Htate tlie |»r««liiel ih very liable in Irruo nt and 
putrefy, or afttu’ drying, 

By-products from the Manufacture iif Sujcafr In liiiinii 
facture of l>e<d- Hugar, lh«^ Hiiet*Hof nml ilie i*iilr" 4 el.iofi «! lii** ^ngtir 
by water, are uned aw fewai, HtHiieiiineH in lie* fro^h wet sinti\ **0111^11111^:,, 
afku* drying. They may alno lit^ miith* ro nmo foddei. 

llnleHS dried, ilnyy art* very %vater\% an*l, in iiiiy nr*" low iti firie 
tein and fat. 

Molmnm, both from fieet juice anrl Hiigiir'eiiiP^ |iiie«% are i|.% 
cattle IVkhIh. They arr? ehiid'ly valtiahl** h.»r flit* teiiie ^iigar wfiieti lliey 
contain, though mjHtiom* ih al«io prommi to the ni II nr I |iw’'i 

cent, or in Home eiiHen up to I/i or lt» per e*nit. Tlie i.inr- 

tion of rnolaHHen in chiefly com|aiHed fd iime'|'irrii#’»ifi iitiri iln^ 

anh is very rich in potash. Stimtos are also The mnntmi of 

water preHcmt varien greatly--from iilaoii Ifi to Ttl per lieiiig 
If too diluk% it in very apt to ^o sotir, The liimi i%iiy of nsini* 
in to mix it with wiiriu watio' iitid then fioiir it ov«*i tin* #lry immi 

Many plana of mixing molasses with flrv m$ m to nhiitiii 

a Holki prcKiuct him* l«*en tnial anil a iiiiiiilw of |iriqiiiia.|.i*'«tis aie nn 
the market. HometimcH ilri«*«l Iwa^t filiee*i are used drred giiiiiei, 
wheiit bran, certain oil mikm, or iiieals 

mofil), ahriHltlml migar tmne iiml peal mom have used for alt 

sorbing the malanHitii and }irodiioirtg a fotal iwiiiveiiinit Oi 

In most amm, the value of these fonilH is flrieriiiined only by ifit- 
amount of «ci!«bki mrhohydmtif#i they coiiiiiitn itnii lln^ir larg#- 

c,|uarititif:» in not to \m recoinitieiideil, cm accinirii oi ili«- iiijiififiiis 
affecia liable kifa* mtmml by the immmmvt* «il |nilasli mife 

pouiiiH pniiicnt, 

By-pr^ttct8 from Brtweri« and Blililtrit#* -‘Mtiii rtflwt 
or mmmlm arii the ahoola of Imrky prialiiceil wheti llie gram 
after soaking in water, itt the piwiiclmti of tiiali, Tln^y are 
when the malt m dridi in the kilnsmittl fummk a ti^dtil imd for dairy 
jpi^, fatlurting oxoit and hormn. They are geiirnilly 
’.aidixl with water. Malt ouliiia cotitein tttuiili rifiii-protriii niiro' 
*«atter and #upr. 








MILLEBS’ OFFAL. 


309 


Brewers' grains are the residues left after the barley or other grain 
has been ‘‘mashed,” i.e., extracted with hot water, for the production 
of wort. 

They are used either in the fresh, very wet, condition or after 
drying. In the former state, they are very liable to ferment and 
become mouldy. 

Dried grains afford good food for horses, cattle, or sheep. 

Distillery waste, if from cereals, also affords a valuable food, but is 
very watery, while that from potatoes is liable to cause digestive 
troubles. When dried, the distillery waste frofn cereals is rich in 
nitrogenous matter and carbohydrates. 

By-products from the Milling of Cereals. —In the prepara¬ 
tion of human foodstuffs from grain many by-products are obtained, 
some of which are important as feeding materials for farm animals. 

The milling of ivheat is the most elaborate and yields a large 
number of different products. In the modern roller mill processes, the 
number of operations is great and the whole procedure complex. 
Eventually, the various products are graded and sold as “ patent 
dour,” “straight dour,” “low grade or bakers’ dour,” “bran,” 
“shorts,” “sharps” or “middlings,” and “screenings”. 

The proportions of these products vary somewhat, according to the 
quality of grain used and the details of the milling, but in general 
100 parts by weight of uncleaned wheat yield about— 


Screenings ......... 2*0 

Bran.24*0 

Shorts. 2*0 

Low grade flour. 3*0 

“ Patent and straight flour.CS*0 

Loss (dust, etc.) . . •. 1*0 


JOO'O 

Only the bran and shorts should, properly, be used as farm foods, 
but often the screenings, containing much rubbish— e.g., small stones, 
mouse dung, weed seeds, fragments of straw and wood, and rust spores 
—together with refuse matter derived from the other sources than 
wheat, are ground up and sold as bran. 

The by-products from the milling of oats—in the preparation of 
oatmeal and groats, or of barley, in the preparation of pearl barley—are 
less important and less valuable, and consist largely of the outer husks. 

Rice bran and oat bran, indeed, are not really brans but consist of 
the ground husks with some meal, and usually the germs. 

Rice polish, a ffnety divided material, is highly nitrogenous and 
rich in phosphoric acidi 

From maize, various by-products are obtained, both in the pro¬ 
duction of “corn flour ” and in the manufacture of starch and glucose. 

Maize bran is the husk or hull of Indian corn. 

Gluten meal is the highly nitrogenous portion of the grain which 
lies immediately below the husk. 

Germ meal or caJce is the nitrogenous and fatty residue left after 
the expression of “ corn oil ” from the embryo of maize. 
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Various other products, known as “gluten feed,” “glucose n*# 
“starch refuse,” “starch feed,” &tc.^ largely sold in America, n 

obtained from maize. 

Other By-Products as Foods. 

During the past two or three years, when the usual feeding’ Ht i 
have been difficult to obtain in sufficient quantities, several - | 
ducts, not generally used for cattle-feeding, have been sugigc***^^ 
The following may be usefully quoted :— 



Flax 

Cacao 

Glucose 

OoiIp, 


bols.^ 

shells,^ 

residue. 1 

grotiii. 

Moisture. 

12-98 

10-86 

33-67 

B4 -f 

Oil. 

17-47 

3-15 

\ 


Albuminoids. 

13-62 

14-50 

^ 26-00 

-I 

Soluble carbohydrates . 

23-24 

46-49 

1 4 3 

Crude fibre ..... 

12-29 

18-33 

J 

1. H * * 

Ash. 

20-40 

6-67 

40-33 

CJ - -i 


100-00 

100-00 

100*00 

lOO'f 


Flax hols are apparently the seed cases of flax, separated, he*! 
steeping the plant for fibre. The “ash” in the sample 
included about 14 per cent of sand. 

The glucose residue was the refuse obtained in the manufaetti 
glucose by the action of sulphuric acid upon maize starch. It. i 
very acid and contained nearly 35*5 per cent of sulphate of lime. 

Coffee grounds are very watery but are comparable with 
brewers* grains in composition. They are acceptable to cows, wl 
mixed with their other food. 

Digestibility of Foods. —The value of a food depends not « 
upon the quantities of its nutritious constituents, but also upon 
extent to which those constituents are actually utilised by the sbiiin 
which are fed upon it, or, in other words, upon the digestibility/ 
nutrients. 

To determine this, direct experiments with animals have been 
Such experiments consist in supplying known quantities of foe#*! 
animals and making careful determinations of the amounts of 
various food constituents present in the food and in the solid exeirciti# 
voided by the animal during the experimental period. 

Various precautions have to be taken in order to arrive at arcBlin 
results, it is necessary to administer the food for several days 
the experiment really begins, in order to ensure the complete expm I« 

the residues from previous feeding. With the ruminants and r i 
':)reliminary period should be from 6 to 8 days; with pigs, 4 I 
%re suffiicient. The experiment proper, during which all tlxo f 

^ Amlysis by Voelcker, Art Bep., 1917, B.A.S.B. 

® Analysis by the Deeds University, Dept, of Agric., 1919. 
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of known composition, is carefully weighed and all solid excrement 
both weighed and analysed, should also last for at least a week or ten 
days so as to eliminate accidental variations. 

Even with the most careful attention to accuracy in such experi¬ 
ments, the results are not entitled to any great reliance, for there are 
several factors which invalidate their correctness. The dung does not 
consist entirely of undigested food, but contains some residues from 
the digestive fluids and which, therefore, have undergone digestion and 
are products of metabolism in the same way as the constituents of the 
urine. These secretions increase the nitrogenous and fatty constitu¬ 
ents of the fgeces and thus tend to give too low values for the diges¬ 
tibility of the proteids and fats of the food supplied. 

The proportion of each food constituent digested out of 100 
supplied is known as the ‘Ulicjestion coefficient''. It is to be noted 
that what is really determined by experiments of the kind just dis¬ 
cussed is the difference between the total food and the faeces, for which 
the term availability has been proposed, while true digestibility 
is the difference between the total food and the undigested residue. 
For a determination of the latter, no accurate method has yet been 
devised, because of the impossibility of distinguishing between the 
undigested residue of the food and the matter derived from digestive 
secretions. 

The digestibility or availability of a food has no reference to the 
ease or rapidity with which it can be assimilated, nor to any effect it 
may have upon the health or comfort of the animal receiving it. These 
are points on which the aroma and flavour of the food and the in¬ 
dividuality of the animal have more influence than the true digestibility. 
Flavour, aroma and palatability are factors which, though almost im¬ 
possible to measure, are of great practical importance in the feeding of 
animals. They often depend upon apparently slight differences in the 
conditions under which the food has been prepared or stored. Such 
apparently trivial circumstances as absence or presence of slight mouldi- 
ness, faint taints with distasteful flavours, etc,, while without appreciable 
effect upon either the composition or digestibility of the food, have 
often a marked influence upon its success in fattening animals. Foods 
which are eaten with relish are almost invariably more successful than 
similar foods, which, from any cause, have become distasteful. 

The digestibility of a given food differs considerably with different 
kinds of animals and even with different, individuals of the same breed. 

The ruminants, by virtue of their more thorough mastication and 
longer alimentary canal, are better able to digest coarse fibrous foods 
than the horse or the pig. The difference becomes less with the more 
concentrated foods and is most marked when the crude fibre of the 
food is alone considered. 

Gentle exercise rather increases digestibility but hard work dis¬ 
tinctly lowers it. This has been clearly shown by the exhaustive 
experiments of Grandeau and his associates with horses. 

The quantity of food supplied to an animal has little influence on 
the proportion digested unless the diet be made very generous, when 
the digestibility distinctly diminishes. 
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It, Jiowovoiy idlhor of fhoM* foiiditiouH h#' inA 4 , 0'|t« II« iil 

action of tli*' oily niaf-fiu- u|»ofj tip- Il.ii4‘^ U-:\ 4 h to 1 

able wiiHtc in iindi^^oHiinl foo«|, 

Ini’roaMod i|uaititilioH of |jroifuii vnunr mi i|ifii4iiiiii«*fi ni da^-ittilrili^ 
of the other fmid i^on 4 il.-iioiifM. <Jn llPM*oii!rnry, |« ruling*, urli 30 $\%t. 

hohydratcH, Hindi an iwldiiion oflori itiiiiouiill"^ tip- 

of the pirhohydriai*H. ‘ ' 

It Ih i‘vidoiit, ffofii whiit Huh Ihpui naid, lliat 
howrtvor mrofiilJy doieriiiiia-tl, oinirioi fdiiiin !o lm%-r ftim'li r«dr»l:iiiiiy 
when a}i|ilkal to lyty |ayljoiiliir fm.iil or itny iiiilniduiil iiiiiiiiiii Ji m 
therefore! minarwofyihlo ici tdaiiii for th*mi any dri|,U'r^r rd 
.Fhe followui|| taliii'H. iii 

forKla, hfivo hot*i» derivmi frorii Ainericaii aii*! l♦l*•l||lat■| 
iirifl may b» unial iih rounh nunlo** lor iililiiiiiinii llii^ rif 

foodn of tin* Nairn* general fdiaiiK^tor iih l}iii#t* iininwl m ifie inlilr**. 

.vvKUAoh: fdtiKHTiiiN c*ui*:rrif4K%*T,H m r..yriiifM. riMiuk,, 
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1 

Protein. 

Carbohydrates. 

Fat. 

Crude fibre. 

I. For Ruminants (contd ,)— 
Linseed. 

91 

55 

86 

60 

,, cake .... 

86 

78 

92 

32 

,, meal, extracted 

84 

82 

95 

54 

i Cotton seed .... 

68 

50 

87 

76 

j ,, ,, cake, decorticated 

86 

67 

i 94 

28 

1 ,, ,, ,, undecorticated. 

1 Earth-nut cake .... 

77 

52 

93 

IS 

90 

84 . 

90 

9 

i Palm-nut cake .... 

75 

77 

98 

39 

i Cocoa-nut cake .... 

78 

83 

97 

68 

! Sunflower seed cake . 

90 

71 

88 

30 

1 Rape cake. 

81 

76 

79 

8 

j Peas ... ... 

86 

93 

65 

46 

1 Pea meal. 

83 

73 

85 

? 

Field beans ..... 

87 

91 

83 

58 

; Soja beans. 

89 

69 

90 

3G 

. Locust beans .... 

68 

95 

53 

? 

. Horse chestnuts .... 

60 

93 

85 

? 

Acorns. 

83 

91 

88 

62 

Pasture grass, in spring 

75 

79 

66 

73 

Meadow grass, June . 

70 

75 

62 

66 

,, ,, October 

56 

61 

46 

62 

Grreen maixje, ripe 
„ sorghum .... 

73 

67 

75 

72 

62 

78 

85 

60 

Rye, young. 

79 

71 

74 

SO 

Oats, in flower .... 

75 

63 

70 

60 

„ grain, half ripe . 

68 

61 

67 

44 

Barley, in full flower . 

70 

73 

62 

56 

,, grain, half ripe 

Red clover, before flowering 

73 

70 

58 

65 

74 

83 

65 

60 

,, ,, in flower . 

69 

72 

61 

50 

„ „ end of flowering 

69 

71 

45 

39 

Lucerne, in flower 

81 

72 

45 

41 

Sainfoin, beginning to flower 

73 

78 

67 

42 

Crimson clover, in flower . 

77 

76 

66 

56 

Vetches. 

71 

76 

59 

44 

Meadow hay, good 

65 

68 

57 

63 

„ ,, medium 

57 

51 

64 

59 

„ ,, poor 

Timothy hay, cut in flower. 

50 

59 

49 

55 

57 

64 

58 

59 

„ ,, after flowering 

45 

60 

52 

47 

Cocksfoot hay .... 

60 

55 

54 

60 

i Red clover hay, rich . 

65 

70 

63 

49 

j „ „ ,, medium 

Alsike hay, cut in flower . 

54 

64 

53 

46 

66 

71 

50 

54 

White clover hay, full flower 

73 

70 

51 

51 

Lucerne hay, in early flower 

76 

68 

46 

42 

„ ,, in full flower 

Sainfoin hay, in early flower 

68 

62 

53 

45 

73 

78 

67 

42 

Maize silage .... 

51 

67 

80 

71 

Sainfoin silage . 

50 

53 

74 

29 

Wheat straw .... 

4 

37 

31 

50 

Barley straw .... 

25 

53 

39 

54 
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FOODS AND FEEDING. 


XIY. 




Protein. 

Carbohydrates. 

Fat. 

Crude fibre. 

I. For Ruminants {contd ,)— 
Rye straw. 

23 

39 

36 

55 

Oat straw . 


33 

46 

36 

54 

Rice straw . 


45 

32 

47 

57 

Bean straw 


49 

68 

57 

43 

Pea straw, good . 


60 

64 

46 

52 

Soja bean straw . 


50 

66 

60 

38 

Potatoes 


51 

90 

? 

? 

Mangolds . 


70 

95 

? 

m 

Sugar beets 


72 

97 

? 

34 

Turnips 


73 

92 

? 

51 

Swedes 


62 

99 

93 

100 

Cabbages , 


80 

95 

84 

74 

Meat meal . 


93 

_ 

98 


Fish meal . 


90 

_ 

76 

_ 

Cows’ milk. 


94 

97 

100 

— 

II. For Horses — 






Oats .... 


80 

75 

71 

29 

Barley . ... 


80 

87 

42 

100 

Maize 


76 

92 

61 

40 

Field beans 


86 

94 

13 

65 

Peas .... 


83 

89 

7 

8 

Sorghum vulgare 


42 

74 

61 

29 

Linseed cake 


88 

94 

53 

? 

„ . , : 


75 

98 

52 

? 

Meadow hay, good 


63 

65 

22 

48 

„ „ medium 


58 

58 

18 

39 

„ „ poor 

Red clover hay . 


55 

52 

29 

38 


56 

63 

29 

37 

Lucerne hay 


73 

70 

14 

46 

Wheat straw 


28 

28 

— 

18 

Carrots 


99 

94 

_ 


Potatoes 


88 

99 

— 

9 

III. For Pi^s— 






Barley 


75 

. 89 

49 

12 

Maize. . . 


84 

94 

74 

41 

Wheat 


80 

83 

70 

60 

SorghtMn vulgare 


60 

83 

72 

20 

\ Rice .... 


86 

100 

70 

— 

Ground peas 


90 

96 

49 

70 

Wheat bran 


75 

66 

72 

33 . 

Barley bran 


83 

94 

74 

24 

Rye bran . 


66 

74 

58 

9 

Buckwheat bran 


81 

96 

89 

27 

Rice meal . 


58 

78 

76 

— 

Brewers’ grains, dried 


63 

52 

49 

15 

Linseed cake meal 


86 

85 

80 

12 

Potatoes 


76 

98 

_ 

56 

Meat meal . . . 


97 

_ 

86 

_ 

Sour milk . . 


96 

98 

95 

— 


















Nl'TUn n K HATH*. 


ni 5 

The piK" ^rood di^'eHtiv(* pcnver fc»r highly t?«>iHte.ntirated 

foodn, but the «hortueHH of itn digentive eiuiiil Herieimly leKMerm the 
amount of crude fibre and of bulky foibier vyhi«di it can digeni, 

fiorsen nhow similar inferiority in digcHtive powm* when compared 
with ruminants. With protein, hcavever. they are, ory the whole, an 
well able toticiii, hut with carl)ohv<iraleH, fats and espee.ially fibril they 
jire (iisiimjtly inferior to c;attle and sheep. 

i'VMidiT IS subject t(j the gr«*ateHt. \'iiriation in digestibility, being 
aJoHrst always most digestible when young. This is true, manifeHtly, 
with r<‘fereiH*,t* to tile “ fibre/’ which hecomcH less and less digestible 
as the |dant. Iiecoines more lignifietl, imt also applies to the prottudn, 
fat sinci starch. This is well s«*en by r-elerem'.e to the iligeHtion co- 
etlicieiilH for liiiy and green grasH. <dovi*r, eU'., in th«‘ fjtlde just givtnn 

Albwniliioid Ratio, 'll in found that the iligesiihility of some 
cmistitucmtH may lie altered by tlie addition to the food of an increaned 
«|uiintity t)f one coiistitiient. Tins is only true under <tertain (drmum 
Htarices* r/.C'., w'hen the aliiumhiaUI oi/cr of the hairi is changerl ho an 
to fall otiiHidf* ceriiiin limitH, which differ with the particular animal 
couHideriai. fly nlhumimnd rniiu or mttrUive mim in meant the. ratio 
of tlie fiigeHiibfe iiIhuminoidH to the digestible non»all»uminoidH ex» 
presHei! ill iH|id%uti*»nt of slarch. The ealcuialion fit thf* Htarch eijui- 
viilcffit of flit, Kiigiii% r/r., is ftased upon tlie reHtdiH of calorimetric 
experiments, br., the f|uantitieH which will product*, by ilieir cornbuH* 
iiori, an e(|ual aiiioiiiit of heat. 

ily plitciiigiiri iiiilriiiil irt a respiralmn calorimeter, arranged that 
ev«‘rylhiiig which eiiierH and leaves may be meaHurial, the <|uantitieH 
of varioui dry' fcMidaiiitTs wliich will pitaluce, in the laaly of tin* animal, 
as itnich heiii aa KII pans of fal has Itemi deterinined, 'riie following 
table given tbo niaiilta m coiitj-mreii with those fi!itaiiii»fl by diriad. oxida¬ 
tion of the fcaal in ii mnnhimlum ciilorimet-r ^ :■ ■ 




■An 4rt*ateifi*'*i ni 


With mtHmh, 

riilrirllsirUH’, 



iin 

f,#mn nmu 

mn 

mu 

Hlaridj 

mi 

im 

Osiie kiigJir 

aiH 

mu 

1 ira|w hiiinr 


ir,u 


Tilt* iigreeifieiil ii*tweeii lliim#* two a*»ls of in as cJcihi* 1114 can 

lie eX|ieclf»fL 

lliiliiier given lit#* friilcavifig tm lli«» approxiiniiO* liiHits of cortihtiMtioti 
of I lie tliree jiritiidjiiii cliiawa of ftMal: ■ 

1 graitiiiie»»! tmt vie|«N ir-aiU llirinimi uiilt^ 

t jimtein ' IllXi 

I *, carlwtiy»ltai«» „ 

’ Iliibii«*r. la Atwater. Iliilh tlb ire|ii, *4 Aim , »Vtwat4»r f*iti#i«b 

m a fttwiii, liiai.- ilie «»f the atailahltf fat, and 

ft! kmh wmt rr|#r#*^riit«d by illtifl, 4ltMJ* mal iiiiil** Ifiep, td 

llip Htorr% Agfic. Hlalieii, |i€^rp Tlwi« aarre w**li inth the #4ilcr 

elitttiiiri liy fliilwitr In lawA, 




1 : 1 : ^ 

Till* iilbtifiiiriniii m niilriliv*^ n f^«i4 lli«^ri^l*i:rr f-ilrul,:ii;^-j| 

from I'lN (iiijrHlihir fiimhtnf tihi, lliim . - ■ * 

\|t»illlilirO*l% 

(*ii,rlH.ihy<lriili‘H lihrt* t* Oil * '14^ ^ 2 'h 

. I .• • ! I 111* 

Irnwifiy <mw*H till* miio iHiiikioi 11*4 

^ I f't||,i|i I 4^1 # 1/ 

hut th«‘ h>riri«--r inolhfKi ih pmhjtlil)- ii iimri' 

II in fVnimI that iIm* liiitritivo ratio of iIp- l«*«i of .ir, 
not fall ciiitHkli* e«*rlaiii liiiiilH Iwliifli ym% misli h, t$i * olirr 

iN himlth litui tmfiililiofi f4iifT#i% «ir of i% oiii^rJt’4 fli-iMfo 

diwsiWHiiig thi* Miibjft'l Itiiiiior, it r4 ;i«i% o»%* 4 ? i0|o 

of till* (liijrniihit* vitmlilurnlH t*f ikr h««|A4ir/i 

Hti4!}i Ii Uihlo aiio bo t^iloiiiitlrtl from tip* i:r**ij* 

flit* two fiU’Un *4 govornifii^' it tin* oln'itni^h iIp* ruiij|p4Mfioii o! lii^' Ut^i4n 
iiriil ilig**Htibility of thoir roiiHiiiiif’iiiH 

hi tho following tfibb*, ibi* foliil roii*ili|!i*iitH ul a liHO' irinah*^/ of 
fc»tl«tiilf^ an* givoii, iogr'tlirr wilfi tlio itvriag*^ iiiii«f!iiit>. i#l 
riiitripfitH proMont in }CIO parta Ih’ ivi’igbi nf tli*’ looil 

Till* figiiroH an* t?hiol!y oiiloiibtt*^i fr«»iii lii riirsii by 

Ki^lliior) iiricl Ariiorkiiri nipurmm. Tin* ** fiiiiijih‘r iiiiiiiiM “ 

ri*fi*r to lli** liofi-pioO'kl iiiimgoiHuiH tfoitijifisiipi** forioi^h hifioAu an 
**iitiip|i*4i hi fimi mmlymm, wlf4ltifir<'%, 4ir w^ifhh' nipi 

tliorofiiro to In* ri-*giirtlNtl an «!cmi|ibif*l% dtg$*niihh^. Tlif |si|iir«'*4 m !|ii^ 
fmliiiioi liiwlt*il ** ntiir«li itfitiimlnit ** ah^ tili|iiiiii*f| hv ?:iliit4g tfi*^ 
tPiifagi* Hgutm for ilig^Nyblii i*ofinlitiirtit*i - 

lhgf»Hi. protoirln •+nol. earl’iotmlimti*n i* ri fibi r 4 i 
Ilii n **iiiiiklon/* anti, ntibjwl to a tin#* nii|i|il% of Iroiii iiidOi. 

tiiiiif*ib afforil tho b^nl lirio^Hoii of lli<* ndmUf “ fo<!*4itig *J i #1 ioih 

frioilfiinffit* 

Acfiscii’flitig to KiillfMir, liowovor, it k iufi in ^11 tli»i th#" hml^ 
irig vfiliio cornmpotiik to thaat^roli i*f|iiivaloiil. In itn4 k*gu^ 

niiitmw tri« agrffiiot#til lnttwmoi ii«tiii4l hmlina iiis4 4t4rrli 

oipiivalimt m clmn., m gr^tii himI li^gfiriiifinnw |i|i«ii^ ^ 

thf hrtmr m fmm Ml lo 90 pir coiit «f lb#* kltnr, m Piliigr iipl irwil 
cropn ii ii iitoally fmm 70 to Ml oimt, m Iwyn finiff IMI !» fU jj#*r 
cint, whik In »tmw« it tmiigta fmm W to jmr In f7^*rtitifi 

'foocly hunfci* mwikny ili« otirrgy in tbfw 








COMPOSITION OF FOODS. 


317 


1 

Total constituents. 

Digestible 

constituents. 

Starch 

equivalent. 

Water. 

Total 

protein. 

a 

t-‘ 

ns 

'o 

O 

1 

Crude fibre. 

Ash. 

‘aJ 

O 

£ 

Carboli yd rates. 

1 

Fibre. 

Proteids 

Simpler 

amino- 

compounds. 

1 Wheat . . . . 

13-4 

10-9 

1*2 

69-0 

1* 

1*9 

1-7 

9*0 

63*5 

1*2 

0*9 

76 7 

1 R-ye . . . . 

13*4 

10*6 

0*9 

69*5 

1*7 

1*9 

2-0 

8*7 

63*9 

1*1 

1*0 

76*5 

! Barley . . . . 

14-H 

8-9 

0*5 

67*8 

2*1 

3*9 

2-5 

6*1 

62 4 

1*9 

1*3 

74*8 

lOats . . . . 

13*3 

9'5 

0*8 

58*2 

4*8 

10*3 

3*1 

7*2 

44*8 

4*0 

2*6 

63*91 

Maize . . . . 

13-0 

9*4 

0*5 

69-2 

4*4 

2-2 

1*3 

6-6 

65*7 

3*9 

1-3 

82*0 

Rice, husked and pol- 













ished . 

12 6 

6'4 

0-3 

78*0 

0*4 

1*5 

0*8 

5*5 

75*8 

0*2 

0*7 

82*g: 

Dhurra 

11*5 

8*5 

0*5 

70*1 

3*8 

3*6 

20 

6*7 

56-2 

3*0 

1*8 

71*6' 

Millet . . . . 

12*5 

10*0 

0*6 

61*1 

3*9 

8*1 

3*8 

7*4 

45*8 

3*1 

2*7 

C3Ti 

Buckwheat . 

14: T 

10-3 

10 

54*8 

2*6 

14*4 

2*8 

7*5 

42*3 

■ 1*9 

3*5 

58*lj 

Wheat bran . 

13-2 

12-1 

2-2 

52*> 

4*2 

10*2 

5*9 

9*1 

37*1 

3*0 

2*6 

56-7' 

,, sharps 

12-6 

13-0 

1*3 

62*9 

3*2 

4*3 

2*7 

11*0 

52*2 

2*9 

4*3 

74*7; 

Rye bran 

12-5 

15-0 

1*7 

58*0 

3*1 

5*z 

4*5 

10*8 

42*9 

2*4 

1*7 

61*7, 

Barley bran . 

10*5 

13-7 

1*1 

57*6 

3*6 

8*5 

5*0 

11*4 

49*5 

3*1 

1*7 

70*1 

Oat bran 

9*6 

7*2 

o-l 

53*b 

2*7 

•21*6 

5*7 

3*4 

37*5 

1*5 

8*0 

52*4’ 

„ husks 

14-0 

1*8 

0*1 

45*8 

0*5 

32*4 

5*5 

— 

lG-5 

0*2 

10-7 

27*6: 

Maize bran . 

12*5 

9T 

0*8 

61-5 

3*6 

9*5 

3 0 

5*7 

53*0 

3*1 

3*2 

69*2 

,, germ cake . 

11*0 

17*1 

3*9 

43*8 

9*0 

9*1 

6*1 

14*4 

88-5 

8*5 

4*5 

78*4: 

Rice polish . 

12-6 

11*2 

0*8 

45*2 

12*0 

8*0 

10-2 

6*0 

36*2 

10*2 

2*0 

67*1; 

Millet husks 

11*6 

3*5 

0*4 

27*9 

1*2 

45-9 

9-5 

0-4 

3 0 

— 

1*9 

5*,; 

,, polish 

9-4 

14*5 

2*0 

43*5 

15*3 

8*5 

6-8 

11*2 

34*8 

14*5 

2-3 

81*4' 

1 

Brewers’ grains, fresh . 

76-2 

4*9 

0*2 

10*6 

l*7i 

5*1 

1*2 

3*5 

6*6 

1*5 

2*0 

15*5: 

,, ,, dried . 

9*0 

20*2 

1*0 

41*7 

7*5 

16*0 

4*6 

14*1 

25-0 

6*6 

7*7 

61*9, 

Distillery grains, dried. 

7*2 

18-6 

0*9 

48*3 

7*2 

14*6 

3*2 

12*9 

29*9 

6*3 

7*0 

64*21 

Malt, dry 

7'5 

7-6 

1*9 

69*1 

2*5 

9*0 

2*4 

5*7 

60*1 

1*9 

4*5 

75*6: 

,, culms. 

120 

16*0 

7*1 

43-6 

1*5 

12*3 

7*5 

11*4 

31*8 

1*1 

6*8 

56*7; 

1 

Linseed 

7*1 

22*9 

1*3 

22*9 

36*5 

5*5 

3*8 

18*1 

18*8 

84*7 

1-8 

115*3j 

,, cake 

11-0 

31*9 

1*6 

31*7 

8*6 

8*7 

6*5 

27*2 

25*4 

7*9 

4*8 

75*3 

,, meal, extracted 

10*2 

36*6 

0*8 

32*7 

3*8 

9*1 

6*8 

31*4 

26*2 

3*4 

4*5 

70*1' 

Almond cake 

10-5 

38*4 

2-4 

18*9 

16*5 

9*2 

4-1 

34-3 

15*1 

15*7 

3*1 

88*4! 

Earth-nut cake . 

9-8 

43*2 

1*3 

23*8 

9*2 

5*2 

7*5 

38*7 

20*0 

8*3 

0*8 

78*6 

Cotton seed . 

lO'O 

19*7 

1*5 

19*2 

25*8 

19*3 

4*4 

13*0 

9*6 

22*4 

14*7 

87*4 

„ cake, decorticated 

8-0 

46*2 

1*8 

21*6 

9*1 

6*5 

6*8 

39*5 

14*5 

8*6 

1*8 

75*8 

„ „ undecorti¬ 













cated . 

tlO '5 

23*5 

1*0 

26*3 

6*5 

25*0 

7*2 

17*1 

13*4 

6*1 

4*0 

48*5 

Cocoa-nut cake 

10*5 

21*0 

0*4 

38*7 

8*5 

14*7 

6*2 

16*3 

32 1 

8*2 

9*8 

75*9 

Palm-nut cake 

9*7 

17*3 

0*4 

36*2 

8*6 

23*8 

4-0 

14*6 

30*8 

8*3 

14*8 

78*2 

Rape seed 

7*3 

17*5 

2*1 

18*0 

45*0 

5*9 

4*2 

13*8 

14*4 

42*8 

1*5 

125*2 

„ cake 

10-0 

28*7 

4*4 

27*9 

10*2 

11*1 

7*7 

28*0 

22*3 

8*1 

0*9 

66*6 

,, meal, extracted . 

10*0 

30*3 

4*5 

30*4 

5*1 

11*7 

8*0 

24*4 

24*3 

4*0 

0*9 

61*1 

Sunflower seed 

7*5 

12*5 

1*7 

14*5 

32*3 

28T 

3*4 

11*1 

10*3 

30*7 

9*4 

99*3 

„ cake 

9*2 

86*3 

3*1 

20*7 

12-6 

11*8 

6*3 

32-4 

14*7 

11*1 

8*5 

76*9 

Sesame seed 

5*5 

18*9 

1*6 

15*0 

47*2 

6*3 

5*5 

16*8 

8*4 

44*8 

1*4 

186*2 

„ cake 

9-5 

38*2 

1*6 

20*6 

12*6 

6*8 

10-7 

84*2 

11*5 

11*3 

2*1 

73*7 
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Total constituents. 


DigChtible 

constituents. 


i 

53 

Total 

protein. 

Carbohydrates. j 


Crude fibre. | 

<1 

Proteids. 

Carbohydrates. 

! 

4^ 

eS 


Starch equivalent 

o 

£ 

03 
, n3 
^ o g 

sis. 
CO s 

o 

C3 

Peas .... 

14 0 

20*0 

2*5 

53*7 

1*6 

5*4 

2*6 

16*9 

49*9 

I'O 

1 , 

2-5i73'0i 

Field beans . 

14-3 

22*6 

2*8 

48*5 

1*5 

7*1 

3*2 

19*3 

44*1 

1*2 

4*1 

71*8| 

Lentils 

14*0 

22*7 

2*8 

52*2 

1*9 

3*4 

3*0 

19*3 

48*5 

1*2 

1*8 

73*7i 

Lupines, blue 

14-0 

26*5 

3*0 

36*2 

6*2 

11*2 

2*9 

23*3 

31*2 

5*2 

10*1 

77*81 

„ yellow 

14-0 

34-5 

3*8 

25*4 

4*4 

14*1 

3*8 

30*6 

21*9 

3*8 

12-7175-9 

Soja beans 

10*0 

29*9 

3*3 

30*2 

17*5 

4*4 

4*7 

26*2 

20*8 

15-8 

1*7 

85*5; 

Locust beans . 

15*0 

5*0 

0*8 

69*0 

1*3 

6*4 

2*5 

3*2 

65*5 

0*7 

3*7 

74*4' 

Horse chestnuts, dry 

18-8 

5*2 

1*7 

53*7 

2*4 

4*0 

2-6 

2*4 

48*4 

2*0 

1*2 

57*4: 

Acorns, fresh . 

50*0 

2*8 

0*5 

36*3 

2*4 

6*8 

1*2 

2*2 

32*6 

1*9| 4*1 

43*4 

Pasture grass . 

80*0 

2*7 

0*8 

9*7 

0*8 

4*0 

2*0 

1*7 

7*3 

0*4 

2*6 

13-o! 

Barley shoots 

81-0 

2*2 

0*3 

8*8 

0*6 

5*6 

1*6 

1*5 

6*4 

0*3 

3*1 

11*9 

Oats, shoots . 

83*9 

2*0 

0*3 

8*8 

0*5 

3*8 

1*5 

1*4 

5*2 

0*4 

2*8 

10 -0: 

,, in flower 

76*8 

1*7 

0*2 

10-4 

0*6 

8*5 

1*8 

1*2 

6*6 

0*4 

4*9 

13*6' 

,, ripe 

53*6 

3*1 

0*3 

20*4 

1*2 

18-6 

2*8 

2*1 

12*6 

0*8 

9*3 

26*0! 

Cocksfoot, in flower 

73*0 

2*0 

0*5 

14*2 

0*9 

7*3 

2*1 

1*0 

9*5 

0*4 

4*3 

16*0i 

Maize . . . . 

82*8 

1*0 

0-4 

8*9 

0*4 

5*0 

1*5 

0*3 

5*5 

0*2 

2*7 

9-1 

Rye grass, in bloom 

75-2 

2*4 

0*5 

11*5 

0*7 

7*1 

2*6 

1*8 

7*4 

0*3 

4*0 

13*7’ 

Timothy, in flower 

66*9 

2*5 

0*6 

17*6 

1*0 

9*2 

2*1 

1*0 

11*1 

0*5 

4*8 

18-4i 

Red clover, very young . 

83*2 

3*0 

1*3 

7*2 

0*6 

3*1 

1*8 

2*1 

6*0 

0*4 

2*1 

11*9 

,, . ,, beginning to 













flow’er 

81*0 

2*6 

0*8 

8*0 

0*7 

5*2 

1*6 

1*7 

6*3 

0*5 

3*0 

12*6 

„ ,, in full flower 

79*0 

2*9 

0*5 

9*4 

0*7 

5*9 

1*6 

1*7 

6*7 

0*4 

2*612*2 

Alsike, in full flower 

81*8 

2*2 

0*6 

7*0 

0*7 

6*2 

1*5 

1*0 

5*0 

0*4 

3*010*3 

Crimson clover, in flower 

81*5 

2*2 

0*6 

7*0 

0*7 

6*2 

1*9 

1*5 

5*2 

0*5 

3-5'll-7 

White clover, beginning 











1 _ _ 

I- ■ 

to flower 

81*5 

3*5 

0*9 

6*9 

0*8 

4*3 

2*1 

1*9 

4*7 

0*5 

2*610*8 

Lucerne, very young 

81*1 

4*0 

1*6 

6*2 

0*8 

4*4 

1*9 

2*7 

4*7 

0*4 

2*0 

11 *8| 

„ before flower 













ing 

76*0 

3*0 

1*5 

9*6 

0*8 

6*8 

2*3 

1*7 

6*3 

0*4 

2*9 

12*7' 

Lucerne, in full flower 

76*0 

2*7 

1*2 

9*3 

0*8 

7*8 

. 2*2 

1*5 

5*7 

0*4 

3*6 

12-81 

Sainfoin, in full flower 

80;0 

2*8 

0*7 

7*8 

0*6 

6*9 

1 1*2 

1*6 

4*8 

0*3 

3*2 

10-7 

Serradella, in full flower 

•82*3 

2*6 

0*6 

7*3 

: 0*7 

5*1 

1*4 

1*5 

4*0 

0*6 

2*6 

9*6 

Bokhara clover, in flower 

r79*7 

3*1 

1*0 

7*4 

0*8 

5*7 

' 2*3 

1*6 

6*0 

0*4 

2*8 

10*9 

Vetches, in flower . 

,82*5 

2*4 

0*8 

7*2 

1 0*5 

i 6*1 

. 1*6 

1*4 

4*9 

0*3 

2*3 

'9*8 

Peas, in flower 

,84*6 

3*0 

1*0 

5*1 

, 0*5 

i 4*6 

1 1*4 

1*9 

1 3*2 

0*3 

2*3 

8*7i 

Field beans, in flower , 

.85*0 

1 2*4 

0*8 

5*7 

' 0*8 

1 3*8 

1 2'C 

1*6 

; 4*1 

0*6 

1*6 

8*8 

Buckwheat, in flower 

.83-7 

' 2*C 

0*5 

7*6 

! 0*6 

i 4*8 

1 1*3 

1*3 

, 6*2 

0*3 

2*6 

9*8 

Heather... 

.50-C 

) 2 *e 

1 0*7 

16*e 

1 4*8 

t22*7 

^ 2< 

0*1 

^ 8*6 

i 1*6 

7*C 

20-0 

Winter rape, in flower 

.85-S 

) 2*1 

. 0*7 

5*7 

^ 0*6 

} 3*5 

i 1*8 

1*1 

\ 3*9 

1 0*6 

1*9 

8*6 

White mustard, in flowe: 

r860 

. 2*g 

i 0*6 

7*6 

1 0*4 

t 2 *£ 

) 1*4 

1*8 

J 4*9 

) 0*2 

1*6 

8*6 

Gotcse . . 

.48*1 

r 4*6 

5 0*7 

18*1 

1 1*3 

l24*( 

) 2*6 

1*5 

)10*9 

) 0*5 

9*6 

>28*5 

Prickly oomfrey 

. 88*f 

> 1< 

} 0*6 

5*C 

) 0*8 

i 1*1 

r 2*( 

0*6 

) 3*1 

^ 0*2 

0*6 

6*2 

Field cabbage. 


f 

1 0*6 

8*3 

L O-’i 

r 2*4 

k 1*( 

l*f 

1 6*5 

) 0*-^ 

!*•■ 

rio*7 

Kohl-rabi leaves . 

. 86*f 

> 1*1 

1 1*5 

7*3 

L 0*^ 

k 1*( 

5 l*t 

) 0*^ 

k 5*1 

r 0*2 

0*9 

8*8 





































































wali-ry , 

Hwi‘ilr'4. 

TiiniifH 

„ KlIfdiuiH 

,, HI mil I . 

Ctmain 

Pamnip-H 


rili.MKi mrfti . 

Cirmvim 
Fwli iiipiil . 

Miftti im’iil . 

(kiw«' milk, wlifili? 

,, ,, Mkifijm#*4 

M »* 

Pylti^r milk . 

Wlmy . 


I 

lKPHim‘7: 
|h #‘7 ti’h: 
ki‘K 

111 

i'JI'l- 
m^T I'^i 


iwwtiwaifHi iiiid diKt^Hlion in an-aH'r limn that .vinldnd l»y tln‘ir frmil 
oonHlittM'iita; wnsh nmtnrittl nmy thfMmv la* mid to |ifW'«nH*i a wy»fi/^ 
vuiun ttH fiKKlntiiffa. 

Thin t!il)l«! t:an nltvinimly lay idaitii n*t Krcat «»inHr«»<y , Ihi'. ^rmt 
viH-iatioiiH in coni|MmilifHi’ «rf ditT<*j-i>iil aaiiijd* * of (i«»d*Hiifr« »! ih** 
aainn tyj»% iw wnll aw thi^ often goml dirf'-retioim in di>|i**tiil*ility of it-H 
coiwtitH«*nto, rondor it im}K»H<*il»lo to obiain data whiitb Hlmll ai way** la- 
rnlialile. Moreovor, aa him laatn shown. di|(.*atihiliiy varir * v.<r> much 
with ditTerenl atiitnab. 

importance of •* AlbuminoW Ratio". U lm« b « n in 

tho past to attach great importation, in dwetmsing lUe fniining of 
mliotm of fattening animala, to the ratio t>f alhnmiooidH to non alhn- 
niinoida io tho dig«atibl« portion of the focal. A tionHwh'rahh* iiniomit 
of amhignity, however, ha* alway* envelojn-d thi* mtm, soiiif writers 
—tiwidering “ orude protein," i.«., total nitrogen x »} ‘io. others b'ltiK 
Ttd to roatrict the term albuminoid to the true proleid* pioM-nt, 
'rom a careful study of all the puhlisbwl aoeosml* of feeding 
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experiments conducted in Eritain with cattle and sheep,^ the author 
found that there was little correlation between the true albuminoid 
ratios of the food supplied and the average gain in live weight, and 
came to the conclusion that too much importance has been attached 
to this ratio. Provided the animals received sufficient proteid to meet 
their requirements, the gain in live weight then depended mainly 
upon the amount of digestible non-albuminoids they consumed. 

The writer deduced from a consideration of the results that for 
cattle of over 900 lb. live weight, a daily supply of 1*0 to 1*2 lb. of 
digestible proteid (i.e., real albuminoids) per 1000 lb. live weight was 
sufficient for the animal's requirements and that the average daily gain 
in live weight per 1000 lb. then depended mainly upon the supply of 
non-albuminoids. Expressing these in starch equivalent, about 15 or 
16 lb. per 1000 lb. live weight, per day, seemed to be capable of 
yielding about the maximum daily average gain—1-8 lb. per 1000 lb 
per day. These figures were derived from results obtained With about 
■ 750 animals. 

With sheep, the results obtained with over 2000 animals led to the 
conclusion that about 1*75 lb. digestible real albuminoids per day per 
1000 lb. live weight was the most suitable amount, while for non¬ 
albuminoids expressed as starch, about 18 lb. per 1000 lb. per day gave 
the maximum average daily gain in live weight, viz,, about 3 lb. per 
1000 lb. This applies to adult sheep of live weight of 100 lb. or 
upwards. 

Experiments with animals are subject to many disturbing circum¬ 
stances and even where every care has been taken, contradictory results 
are often obtained when the experiments are repeated. The effects of 
accidental differences, individual peculiarities of the animals used, and 
other circumstances difficult or impossible to control, are often very 
great and sometimes entirely overshadow and conceal those of the 
nature of the feeding which the experiment was designed to determine. 
The larger the number of animals used in*the experiment, other things 
being equal, the greater is the reliance that can be placed upon the 
results. Though the experiments reviewed by the writer in the papers 
just cited, were directed to very diverse objects, it is probable that the 
general principles deducible from the results are freer from the dis- 
* turbing influences of individual peculiarities of the animals, than any 
single experiment could be. 

Fig. 8 shows the averages of the daily supply of real albuminoids 
per 1000 lb. live weight, plotted against daily increase in live weight 
per 1000 lb. with cattle exceeding 900 lb. live weight. Each small 
black column at the base of the diagram indicates, by its height, the 
number of animals which received per day an amount of real al¬ 
buminoids intermediate between the quantities represented by the 
vertical lines—ordinates—between which the black column lies. The 
scale is such that a black column resyching to the height of the line 1 lb. 
of increase in live weight per 1000 lb. per day, would represent 250 
animals. The total number of animals referred to in the diagram is 750. 

^ Vide Trans. High, and Agric. Soc., Scotland, 1909, 196 ; 1910, 168 and 178. 
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of live weight steadily increases with the increase in the daily supply 
of non-albuminoids until the latter amounts to 15 or 16 lb., after which 
there is a diminution. This diagram is constructed on the same 



0*4 0-6 0-8 10 1*2 1*4 1*6 1-8 2*0 

Digestible albuminoids, in lb., consumed per 100 lb. live weight per week. 
Fig. 10 . — Sheep-feeding experiments. 



7 8 9 10 11 12 13 14 

Digestible non-albuminoids, expressed as starch, in lb., consumed per 100 lb. 
live weight per week. 

Fig. 11.—Sheep-feeding experiments. 

general lines as Fig. 8, except that the spaces between the ordinates 
each represent 1 lb. of non-albuminoids, whereas in Fig. 8 they 
each represent 0*2 lb. of real albuminoids. 

Figs. 10 and 11 give summaries of the results obtained with over 
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in many cases, thcHf* foocls were divert In admixture with other 
concentrated fooilH ujid, to some extmit, the fi^urcH may therefore, bo 
tinireby re!idc*red Irms reliable, hut in oases where tlie numbered’ Hheep 
rec(dvin|4 tin‘ food is the resultH are probably re|>reHetitat*ivtn 

That gofsl resultH atfend tin* use of linsf^ed e^ake and tlried grairiH and 
that poor td’feets ar<‘ ^dviui by oats and mai/at are* prohiihly nafo 

dcaluctioiis. 

Another advantai^e af tendirj^^ the use of iinneed cake is also pointed 
out by inauv ex|>erinp*nts, rr.., that the animalH ho fed “kill " lattier 
than others, Lr., show n himdier pereentai^e of carcasH to live weight. 

With cattle, iinseeii (aike, undee.m’ticated cotton c?ake and decorti- 
eatc‘d cotton {mkf‘ show the same order its with shee.p, thoiigit tht^ dif- 
fercfnces between them arct i«*ss. As regards ctiarHf* fochhu’H, tlie rnonh 
noticeable point l»roiight out in laah the hidIoc,k atid Kheep fe(Hhn|,( 
trialH, is the excidleiit resuIlH olitained by the use of <dover hay. With 
cattle, cdover hay usini in IA lots gave an average daily gain of 2' IT li>. 
pffr head and prorlucani 1 Ih, of increase at the i*xpf*nHe of 7'01 lb. of 
total dig(*Htible iiiatter. as agairist an average for the whede of the 
cattle huHling trials of I'HC'l.'f Ih. and ‘J*fl lb. respective.ly. 

With sheep, dHI luiitfiids rec* dving clover hay gave, ari av«»ragit 
weekly increan:* of 2‘'>S lli, per h*‘ad (as against 2*()b Hu of the re¬ 
maining 2Tllf) sheepK and for each I Hu of increaH*% consumed rr2 H>. 
of total digeHtibh* ifiaii*»r fagainst 7' V4 Hu (a)MHUfned by the ri'Utiain- 
der). 

This very pronomujed effV(*t of clover hay is woi'thy of atimition 
l)y stock-fiiialerH. It is probiildy partly «liie to Itigii camterii of al¬ 
buminoids (though the riitiotiM of which it forniftd part had, an a rido. 
only a fairly wklc ** alhimiirioid raij«i**|, lait in mainly to be attriliutetl 
to its richness in anh cormiiiiiimts, particularly linu* (nV/e infra). 

Ah to roots, rriiingoiils proved Isater than Hwedew, and tlii^ rcHultH 
indicate iliat for cmltii'% froni 80 to 100 llu tier tieatl per day and f«r 
Hhef*|), ahoiit 14 llu |.ier lii*iid per flay, %vaH the most Hucaamsful allow¬ 
ance, 

Amiden are uHinilly .Hliiteil as being used in the body simply im 
heat pi’iidiicern am! to he incapahie of iictiiig like albuniimddH as flcKh 
fornierH, TTioiigli lindouhtedly inf«*nor to iilhiuninoiils, it appearH 
from recmit experiments ilmt amides ilo to a ct^rtain f^xtent perforin 
tlif' fiiiirtkiim ilifne siibHlaticf»s, They ceitaiidy Ii^hhcu tin* con- 
siimpfioii of itibiiiiiiiioiiis mul greatly dtiidniHh the waste rif idtu’ogmi- 
oiiH liHHiie when jtlhiiiiiinoiiiH are ferl in itiHiiflicient quantity, |U'ohiibly 
by Jiciiiig of iln^ latter as food for irtti^stinal rniiU’o-orgimkuiH, 

Ziiiitx, Ktdliif'r ami ollim*s have* found that tlie addition of siiri|i!fi 
iMnitto-cofiipotiiids to a rfitioii |a.ior in iilhiuniiifiidH Iml in an itc.tiial 
gaiii of fiiirijgeiioiis lissuif in the lyiimal and iils<i to a great,ly 
eiihitnced dig**Hiioii of ih#.? crude flbn? supplied. Thin effec?t in 

iittrihiited lo a sljiiiiiliilfou of the iictivily of the inlimtiiiril iiiu?ieriii# 
xvliicli ai'i* kiirwvn in piny an itrijairtiini part in the breaking down of 
celliilfiHi* and fibre. 

It is f|tiit,e jaiHSibltn tem, that thes-* aftiiiicecoiiijiotifids licittally 
fitke pint ill file syiiltit^is of protekls by coiiihiiiatioii with ottier 
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lUniiiO-i’onilioiiiHis |ir*^si*fi! i.u lh«' IXhmI, iir I*) liMlnil^^ 

ill thi* vimul, fri>iii 

It in {lirri'ftM'i' iKit quiJi* ?h 4 r^r*'i 4 :y*l ili*' iiiiiiti*-^ i-yf :i fnful^ 

nor r»vnii h> lc» t!s*’i.ii, hh ih iIuip-. iln- lunrin-Or^. *4* ln^iit 

I'lroduotn'H I'Voin tin* Imn *Hjh Jilniiil 
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■i‘X(.troto«l m uroa. 

In «)ihfr foiwlH, in a liijj*- lOHf mla-in «if iht* 

nitro^iai oxihIh hh aial lli-ir-* |»r*iliahh *i» lur*! at .til f« 1*050^ 

pro|aTti«’H. In cvaliuilntiiiy Um* nutritivr'nitiu oI v/la-rr. 

i*vnr |»OH?4ihh* thoainouiil of ili^a'^tihlr alhoiiiin*ii4*=< h*^ u-«^*4 ^inii 

tlio liinidi'H n<niHidri’«*il iih nini-HlIiUiiniaial’^ itial «'>i|n4l iliunt lial! liair 
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may ant in th** wa>'th’Hnrifa'd and ttiat ili*' ratns, r;ilri !*■* iiroh* 
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With rwrniiiaiite il ha^ Immt nlrarly lliiil the ii44iti«ii of 
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FEEDING STANDARDS PER DAY—continued. 




Total dry 
mattei- 
in ration. 

Digestible matter. 


Ib. 

True proteld. 
lb. 

Fat. 

11). 

CarlDohydrates. 

lb. 

‘‘ Crude 
protein.’' 
11). 

Fqttenmg 

Animals. 






Age. 

Live weight. 






6-7 months 

65 lb. 

31 

3-5 

0-8 

16*0 

4*0 

7-9 „ 

88 „ 

30 

3-0 

0*7 

15*0 

8*5 

9-11 „ 

110 „ 

28 

2-5 

0*7 

14*5 

3*0 

Young 

Pigs. 






Store Aniyyials. 






Age. 

Live weight. 






2-3 months 

44 lb. 

44 

6-2 

1-0 

28*0 

6’6 

3-5 ,, 

88 „ 

36 

4-0 

0*8 

23*0 

5*0 

5*6 ,, 

120 „ 

32 

3-0 

0*5 

1 21*0 

3*8 

6-9 

175 „ 

28 

2'3 

0*3 

19*0 

3*0 

9-12 „ 

265 „ 

25 

1*7 

0*2 

15*0 

2*2 

Faitenincj 

Animals. 






Age. 

Live weight. 






2-3 months 

44 lb. 

44 

6-2 

1*0 

28*0 

6*6 

3-5 

110 „ 

36 

4*5 

0*9 

25*5 

5-6 

5-6 

145 „ 

32 

3*5 

0*7 

22*5 

4*4 

6-9 „ 

200 „ 

28 

3-0 

0*5 

20*5 

3*9 

9-12 „ 

285 „ 

25 

2-4 

0*3 

18*5 

3*2 


increases the laying on of protein flesh. This is almost certainly due 
to the amino-compounds or ammonium salts serving as food for the 
intestinal bacteria which are so numerous in ruminants, for the same 
compounds have no such favourable effect when fed to non-ruminat¬ 
ing animals where intestinal bacteria are few and unimportant. 

2. Fats are very fully utilised in the animal body.- With emulsi¬ 
fied arachis oil as much as 64 per cent may be retained as body fat, 
but in the case of oils from straw or hay not more than about 40 per 
cent would be so retained. The body fat often partakes of the nature 
of the food fat, and the difference in hardness and melting-point of 
pork fat from pigs fed with linseed oil, on the one hand, and with 
cotton-seed oil, on the other, are well known. 

3. Carbohydrates. —With ruminants (oxen) direct experiment, 
according to Kellner, showed the following production from— 

1 kilogram of digestible starch . . . 248 grammas of body fat. 

1 ,, „ cane sugar , . 188 ,, „ 

1 „ ,, crude fibre . . 253 ,, ,, 

This indicates that about 57 per cent of the heat value of starch and 
fibre was stored up in the animal, while with cane sugar, only 45 per 
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cent. The lower value for snga.r was attributed to its ready solubility 
and consequent ready availability to intestinal bacteria, and to a por¬ 
tion of it being converted into lactic acid by fermentation. 

4. Mineral Matter. —Tnis is retained in the body to a very different 
extent according to the age and condition of the animal. With calves 
of the age of six months from 40 to 50 per cent of the lime and slightly 
higher proportion of the phosphoric acid in the ration were retained. 
It would be probably safe to assume that, with growing animals, the 
food should contain about three times as much lime and phosphoric 
acid as the animal stores in its body. Kellner gives as the actual 
amount of mineral matter stored per day per head by lambs— 


Live weight. 

Age. PotaHh. 

Soda. 

Lime. 

Magnesia. 

Wio.splioric acid. 1 

23 kilograms 

5-G months 204 

0*34 

1*56 

0T2 

1*09 grammes ^ 

30 

7-9 ,, 2’89 

1-05 

2*00 

0-32 

1*65 ,, ‘ 

35 

10-12 ,, 305 

0*81 

f'81 

0‘38 

2*50 „ 

47 

13-15 ,, 205 

“ 0*72 

2-07 

0-35 

3*14 „ 

i 


Ash Constituents of Foods. —In addition to the protein, carbo¬ 
hydrates and fat, which are usually regarded as the most important 
constituents of food, the mineral constituents are of great importance 
to animals. These are often popularly spoken of as “ bone formers,” 
bat, beyond admitting that a certain proportion of “ ash” is necessary 
in various foodstuffs, little attention has hitherto been paid to this 
matter. 

The author, from a study of the bones of animals suffering from 
a disease—osteoporosis—only too prevalent in the South African 
Colonies, has called attention to several important matters with re¬ 
ference to the composition as well as the amount of the ash constitu¬ 
ents of foodstuffs.^ 

The ash constituents of the food are utilised in the animal in two 
ways:— 

1. As trul'y Jormative maUriaU. —^The bones, teeth and other hard 
parts of animals consist largely of phosphates, fluorides, carbonates 
and chlorides of calcium and magnesium. These substances are there¬ 
fore essential constituents of food. 

2. As necessary for digesUm,'respiratory and other processes. —The 
blood contains iron; the saliva, gastric juice and other secretions 
contain potassium. Chlorine and bydrochloric acid are essential in^ 
gredientsin the gastric juice; the thyroid gland contains iodine. 

Consider first the substances rei^uired for the formation and renewal 
of bone. The largest and most important mineral constituents are 
phosphoric acid and lime. In normal bone, these are present in the 
proportions of 1 molecule of phosphorus pentoxide (P^OrJ to 3 mole¬ 
cules of lime (CaO), i.e., 142 to 168 by weight; but as some of 

1 See Journal of Comparative Pathology and Therapeutics—March, 1907, pp. 
35-48; Joum. of Agric. Science, 1909; Jour. Royal lust, of Public Health, 1909 ; 
Seventk Intern. Congress of Applied Chemistry, 1909; Illustrated Poultry Record, 
19 IQ, and others. 
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the lime of bones is also present as carbonate in bone ash, the pro¬ 
portions by weight are generally about 1 of phosphorus pentoxide to 
1*5 of lime. It would seem reasonable, therefore, to expect that the 
food of an animal, in order to serve for the nutrition of bone, should 
contain phosphorus pentoxide and lime in about this ratio. 

So, too, cows* milk, which we may assume to be particularly 
adapted for the requirements of a young animal, contains the two 
above-mentioned constituents in approximately equal proportions by 
weight, while common salt is also present in about the same amount. 

Since phosphorus is also required for the formation of other tissues, 
e.g,, the brain, we may conclude that the ideal food of an animal should 
contain about equal proportions of lime and phosphorus pentoxide. 

Now, in England, the above considerations have perhaps not often 
much importance, because of the variety of food given to horses and 
cattle; but in South Africa, where oat hay— i.e., oats cut just before 
they are ripe, and dried—forms the sole food of many horses and mules, 
sometimes supplemented by a few mealies {i,e,y maize grain), they 
become, in the author s opinion, of great importance. 

Now, in the seeds of most plants there is much more phosphorus 
pentoxide than lime, while the proportions vary very much in the 
foliage of different plants. 

In the following table are given the ratios of phosphorus pentoxide 
to lime present in many foodstulfs, from the analyses of Wolff and 
Warington :— 

Ratio P 2 O 5 . CaO. 

Lucerne hay. 1 : 4*78 

Crimson clover ....... 1 : 4*45 

Red clover .. 1 : 3-60 

Meadow hay. 1 : 2*55 

Oat straw. 1 : 1*81 

n grain. 1 : 0*16 

Oats, whole plant (green) .... 1 : 0*77 

n „ „ (ripe) .... 1 : 0*62 

Barley, whole plant. 1 : 0*44 

Mealies (maize) grain . 1 : 0*64 

Cereals are thus remarkable for the preponderance of phosphorus 
pentoxide over lime which they contain. Thus, while it is probable 
that in the whole food of an animal the phosphorus pentoxide ought 
not to exceed the lime, it is evident that in the usual South African 
ration for horses and mules—oat hay or oat hay and mealies—it ex¬ 
ceeds the lime greatly, in most cases the ratio being about 1 .: 0’5. 

The author has good reason for concluding that many of the bone 
diseases so prevalent in animals, and the sparse development of 
bone which characterises the usual South African horse, are largely 
attributable to their usual diet. As long ago as 1891, Weiske ^ showed 
that rabbits fed on oats only, produced very small weak brittle bones, 
while similar animals fed upon oats and hay developed normal skele¬ 
tons. 

Whether the disease, osteoporosis, is really caused by the exclusive 
cereal diet so often given to horses and mules in South Africa or not, 

^ Laudwirtsohaftliohe Versuchs-Stationeu, 39, 241. 
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there can be little doubt that animals, now fed exclusively upon oat hay 
or oat hay and mealies, would be far healthier and better nourished 
if such foods as lucerne, or even grass hay, formed part of their diet. 
The Author’s analyses show that many crops growing well in that coun¬ 
try, e.g., cow peas, velvet beans, or even many grasses, would be far 
preferable to oat hay from this point of view. 

It has not been sufficiently recognised that it is the composition 
and not the amount of the ash constituents that is important in bone 
formation. As an example of this fallacy, bran serves excellently. 
This material is rich in ash and is often extolled on that account as 
being peculiarly well fitted for bone nutrition. As a matter of fact, it 
contains about 3'3 per cent of phosphorus pentoxide and only about 
0*3 per cent of lime, or 1 of phosphorus pentoxide to 0*09 of lime, and 
from the point of view just discussed, ought to prove very unsuitable 
for promoting bone formation. This is really the case, as is proved 
by the existence of a peculiar bone disease known as “bran disease,” 
“shorts disease,” or “miller’s horse rickets,” which'is often observed 
in millers’ horses and which is undoubtedly caused by feeding with 
excessive quantities of bran. 

Another point of importance is the supply of adequate quantities 
of the mineral ingredients required for the formation of the digestive 
juices of an animal. 

Kellner estimates the daily requirement of a cow of average weight 
at f to oz. common salt, that of a horse at to 1 oz.,^ of a sheep or 
pig at -J- to oz., but when foods difficult of digestion are used, these 
quantities may be doubled. 

Kellner further estimates that for a fattening ox, 1 oz. of phosphorus 
pentoxide and 2 oz. of lime per day per 1000 lb. live weight are suf¬ 
ficient, while with full-grown fattening sheep only 0*02 oz. and 0*2 oz. 
per 1000 lb. live weight per day, respectively, were thought to be suf¬ 
ficient. With growing animals, these amounts are, doubtless, far too 
small. ^ 

In England, where the food of animals is usually very varied, the 
necessity of supplying salt, though often recognised, is not so import¬ 
ant perhaps as in South Africa, where in some districts the provision 
of some form of “lick” is indispensable if the animals are to be main¬ 
tained in health. So, too, for poultry, especially if kept in confine¬ 
ment and fed merely on grain, the supply of salt, phosphates, lime 
and potash, seems to be of great importance. 

“Licks,” often consisting mainly of salt and sulphur, are largely 
used by stock farmers. 

A commercial cattle lick, examined by the writer and extensively 
advertised in South Africa, was found to consist mainly of common 
salt, phosphate of lime and free sulphur, with small quantities of 
silica, potash, sulphuric acid and magnesia. 

Another point of some interest is the bulk of the food, especially 
for ruminating animals. American experiments have shown that 
while it is possible to successfully feed cows on concentrated foods 
(maize meal) only, for several months together, during which time 
chewing the cud entirely ceases, yeti with calves, rumination is 
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essential, and death ensues if coarse forage be withheld,^ even though 
abundance of milk and grain be supplied. Considerable importance 
is now attached to the presence of the so-called “ vitainines " in food 
stuffs. These substances, to which reference has already been made 
in the chapter on “TheAnimal,” appear to be essential constituents of 
the diet if normal growth is to occur. In their absence, a diet well 
supplied with protein, fat and carbohydrates, if fed to young animals 
especially, leads' to a diseased condition, a cessation of growth, and 
hnally results in death. Little is known as to the chemical nature of 
the vitamines, but they are believed to be nitrogenous bodies, one type 
of which is soluble in water, while the other is soluble in oils and fats. 
Both appear to be necessary and they are supposed to act as stimulants 
upon the glands secreting the digestive juices. 

Quantity of Water Consumed in Proportion to Dry Food. 

—This varies considerably in different animals and wdth different con¬ 
ditions. According to Warington‘^ the normal amounts are- •» 

For sheep . .. 2:1 

,, lioraes . . . . . . . . 2 to S : 1 

,, cattle. 4:1 

With sheep, when fed on succulent food, no water to drink is, as 
a rule, required. In dry climates, however, a sheep will drink from 
1 to 6 quarts of water per day. With roots, in winter, much more 
water than is necessary is taken, even though none be drunk, and the 
addition of a little dry food—meal or cake—is decidedly economical. 

With horses, the proportion of water consumed varies greatly with 
the amount of work done by the animal and with other circum¬ 
stances. With the Paris cab horses, Grandeau found the average 
proportion of water to dry matter in the food to be 2*1 : 1 when at rest 
and 3'6 : 1 when working. 

With fattening oxen, American experiments^ showed that from 
1*6 to 3*4 lb. of water per lb. of dry matter were consumed and that 
the largest amount of water was drunk when the food was richest in 
protein. 

With milch cows, the average amount of water to each pound of 
dry food is 4 lb., according to American experiments; but here again 
a ration with a narrow albuminoid ratio requires more water than one 
with a wide one. Thus, at the Wisconsin Station in 18B6, it was 
found that with food having an albuminoid ratio of 1 : 5*5 there were 
4*33 lb. of water drunk for each pound of dry matter, while with a 
ratio of 1 ; 8*6 only 2*41 lb. were taken. A cow will usually drink 
from 8 to 10 gal. per day, but if roots be supplied the quantity 
will, of course, be considerably diminished. 

With pigs, the usual proportion of water consumed does not 
appear to have often been recorded. In 1887, at Copenhagen, trials 
showed no advantage or disadvantage between excessive quantities of 

^ Bulletins of the Utah (No.46) and Illinois (21) Expt. Stations. 

^ Ohemisfery of the Farm. 

® Oeorgeson, Bull. 84 and 39, Kansas Expt. Station. 
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water and an ad libitum supply. On the other hand, experiments 
conducted at the Yorkshire College Parm at Garforth in the early 
part of 1900 showed a decided advantage in curtailing the water 
supplied to fattening pigs. Two pens of six pigs each were fed with 
a mixture of equal weights of barley meal and ‘"sharps". In one 
case the mixture, was soaked for some days in four times its weight of 
water, while in the other only twice its weight of water was used. 
The former was fed to the pigs in a sloppy condition, the latter was 
of the consistency of oatmeal porridge. Eoth lots were allowed as 
much of the food as they would eat, and the animals receiving the 
drier food had access to a water trough. In eight weeks the pen 
getting the wetter food increased by 334 lb., while the other gained 
458 lb. (live weights). The pigs of the former consumed 1904 lb. 
of food, while those of the latter ate 2254 lb. The proportions of 
food consumed to weight gained were— 

In those getting much water .5-7 

„ „ „ little „ .4*9 

The pigs fed on the drier food thus made 124 lb. more increase in 
live weight and yielded about 102 lb. more pork, while each pound 
of increase in live weight was obtained by the expenditure of 0*8 lb. 
of food less than with the other animals. The extra food cost about 
19s., but the value of the increased quantity of pork was about 42s. 6d., 
leaving a net gain of 23s. 6d. for the pen receiving the drier food. 

On the other hand, there can be little doubt that if animals are 
compelled to consume too much water, say by the excessive use of 
roots, or by thirst induced by common salt, the food is not so well 
utilised, the tissues become soft and flabby and the animals become 
more susceptible to disease or other injurious influences. 

Money Value of the Constituents of Foodstuffs.—Attempts 
have been made to fix money values to the albuminoids, carbohydrates 
and fat present in foodstuffs, so as to permit of the calculation of the 
value of a food from the results of its analysis, as has been done in the 
case of manures (vide Chap. IX). 

The results of these attempts have not been entirely satisfactory, 
nor indeed can they be expected to be, since many of the most valuable 
properties of foodstuffs, e.g,, flavour or palatability, cannot satisfactorily 
be expressed quantitatively. Samples of food of desirable flavour and 
much relished by animals may often command a price much higher 
than could be deduced from their composition. 

Wolff, long ago, deduced the ratios of the values of digestible 
carbohydrates, fats and protein- in many concentrated foodstuffs at 
1:3:2-4. 

Konig gave 1: 2*9 : 2*7, while in various States of America most 
•discordant values were obtained, possibly owing to great local varia¬ 
tions in prices. 

In 1891 a long paper was read before the Surveyor’s Institute on 
the subject by Kinch.^ He points out that the physiological ratio of 

1 Abstract in Jour. Soc. Ohem. Ind., 1892, 701. v 
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values of protein to carbohydrates would be about 6 : 1, since a 
ration having an albuminoid ratio of 1 : 6 is most generally suital)le, 
for feeding. 

By considering a large number of foodstuffs and taking into ac¬ 
count their relative consumption, he arrives at the ratio of 1 : 2*5 : 2*5 
as the values of digestible carbohydrates, fats and protein, the latter 
including both albuminoids and amides, the error introduced l)y in¬ 
cluding the latter as protein being counterbalanced by the fact that 
the manurial value of the undigested nitrogenous matter has hc?en 
ignored. 

He further estimates the value of digestible carbohydrates at 1*24 
shilling‘‘per unit ” per ton, or say, practically, Is. 3d. “per unit” 
XDer ton. 

The values of the three chief ingredients of feeding stuffs thus 
become— 


^ Perlh. 

P(*r unit p(*r ton. 


d. 

s. d. 

Digestible carbohydrates 

O-GO 

1 B 

,, fat. 

1*66 

8 l| 

,, albuminoids and amides 

1*GG 

8 


By adding the percentages of digestible fat and digestible protein 
together, multiplying their sum by 2*5, and adding the percentage of 
digestible carbohydrates, the number of “food units" in the food is 
obtained. 

To calculate the value per ton, it is then only necessary to multiply 
the food units by Is. 3d. 

It will be found, in practice, that if it be assumed that the total 
carbohydrates be worth Is. per unit and the total fat and albuminoids 
2s. 6d. per unit, the value calculated per ton on this basis, will be 
roughly correct. 

It is obvious that accuracy is not possible in such calculations and 
that the values are liable to great fluctuations. 

The Manurial Value of Foods. —When food is supplied to an 

adult animal which is not increasing in weight nor producing milk or 
wool, the whole of the manurial constituents of the food will be re¬ 
covered in the excreta, and, if subsequent loss by fermentation or drain¬ 
age be prevented, may be restored to the land. 

It is otherwise with growing, fattening, or milk-producing animals. 
In such cases a portion, and sometimes a considerable portion, of the 
nitrogen, phosphoric acid and potash is employed in forming the in¬ 
crease, and only the residue remains in the excreta for use as manure. 

The proportion of the total nitrogen of the food retained by an 
animal varies greatly, not only with the individual, but also with the 
composition of the food. 

A young calf fad on milk will retain as much as 69 or 70 per cent. 
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of the nitrogen in its food, while a horse will, if full grown, excrete 
the whole. 

According to Lawes and Gilbert,^ the proportion of the total 
nitrogen of the food, retained in the fattening increase of oxen and 
sheep, varies from about 3 per cent with decorticated cotton cake (con¬ 
taining 6*6 per cent of total nitrogen) to as high as 14 per cent with 
oat straw (containing only 0*5 per cent of total nitrogen). With many 
foods, it averages about 5 or 6 per cent of the total nitrogen in the 
food. With phosphoric acid, the same investigators found that from 
3 or 4 per cent (with bran, malt culms, etc) to 19 or 20 per cent (with 
maize, rice meal, barley straw, oat straw, etc) of the total present in 
the food, was retained by fattening oxen and sheep. With potash, the 
corresponding figures were 0*3 or 0*4 per cent (with roots) to 3 or 4 
per cent (with malt, maize, etc). Much higher proportions of the ash 
constituents have been found to be retained in recent experiments. 
{vide p. 329). 

The Eothamsted experiments, as summarised by Warington,^ 
yielded the following results :— 



Percentage of nitrogen obtained as increase or ! 


______ . 

voided in manure. 

i 


Per cent in carcass 
or milk. 

Per cent in urine. 

Per cent in total | 
excrements. | 

i 

Working horse 

0-0 

70*6 

100-0 ' 

Fattening ox. 

3*9 

73*5 

96*1 

,, sheep . 

4*3 

79*0 

95-7 

pig 

14*7 

60*3 

85-3 

Milch cow 

24-5 

57-4 

75-5 

Calf fed on milk . 

69-3 

25*6 

30*7 

1 


With the ash constituents the following were the results:— 



For every 100 consumed as food. 


In live-weiglit increase 

Voided as manure 


or milk. 

or in perspiration. 

Horse. 

0-0 

100*0 

Fattening ox. 

2-3 

97*7 

,, sheep .... 

3*8 

96*2 

pig. 

Milch cow. 

4-0 

96*0 

10*3 

89*7 

Calf fed on milk .... 

54*3 

45*7 


Lawes and Gilbert ^ give the average manurial value per ton of the 

^ Jour. Roy. Agric. Soc., 1885, 600. ^ Chemistry of the farm, 162. 

^ Jour. Roy. Agric. Soc., 1885, 600. 
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common feeding stuffs, as deduced from experiments, assuming that 
they are supplied to fattening sheep and oxen. 

Hall and Voelcker have recalculated the foregoing tal)le (p. 335), 
bringing the values more uj) to date (1902). They assume that half the 
nitrogen, three-quarters of the phosphoric acid, and all tlie potash of 
the foods supplied are voided in the excrement, that each year after the 
application of the dung, half its original value remains in the land 
and that nitrogen is worth 12s. per unit, phosphorus pentoxide 3s. 
per unit, and potash 4s. per unit. The table on the preceding pages tlum 
shows the compensation value for each ton of the commoner foodstuffH 
consumed on the farm. 



















CHAPTMIt XV. 


Milk and Mii^k PitonrcTs. 

I\I ILK is thf‘ natural srcrution of iliu special ‘j^lauds of a fciuah*, inUuidcd 
for tlio uourishuKiut of the Uf'W-horri. Tin* luartunary i^ianidH u,r(% in 
^(‘lus'al, only d(ivelo])(*d in th(‘, female and anuictiviun produ<dn|^ tlnur 
Hecretion for a cf*rtain period aftei- parturition. In c<‘rtain abnormal 
instances, howev(‘r, niai(‘s hav(‘ been known to produe.e milk, but Hucb 
cases are rare. 

The milks of diiVerent animals differ considtn’ably, liotli in iln^ con¬ 
stituents pr(isent and in tin* ]n’opertions (d'tin* constituents. 

Thfj milk of the cow is tlie most importa.nt and has been studiisl 
in ^rf‘ateHt detail. 

TIh^ constituents of milk lire usually tlivided into 
Watiuy 
lAit, 

Albuminoids, 

Hut(ar, 

Ah1-|. 

A short account of tin? chtanitml natun^ of iht»He (aumtituents fex- 
cludinj;^ water) may he hcu’ti given. 

Fat. The fat present in milk r«‘HemhleHin general constutution fch«i 
animal atui vegetable fats alrc‘ady described (see p, 20Hj. lake 
them it consistH of a mixturf* or cornpmmd of the glyceryl salts of 
fatty acids. 

h ditTers, however, from other oily Hubstances in tlie cdiaractfU* of 
the fatty acids present. 

In milk fat, consitieralde ([nantitiesof acdd railicais of low moliicular 
wedght are present, bewides thf5 stearic, ohdc and other lieavy acids 
found in other fats. 

In eomrnon with most natural fats, it is probably a mixture, though 
wfiethtu’ each aci<l radical Is pr<*sent as a distiricsi glyciiryl salt or 
whether two or thri«? ilitlerent acid radicialH may attached, to tlm 
same glyceryl group is uncertain. The latk^r hy|,K>tht!sis is probably 
more correct. 

The proportions of the various fatty acids found in fnitti^rare sub¬ 
ject to conside.riihle variation a<jcordiiig k> the hiod ; the.y are siiirl alsf.i 
to vary with, the season of thi? year. The fat of milk given by cows 
soon lifter calving is said to lai much richer in vcdatile fatty iicid*H tliiui 
that of cows i.ri the later stages of lactation. 

Qm) 
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Assuming that the glyceryl salts are pi’esent as sepai'ate individuals 
(which, as already stated, is probably not the case), the chief constitu- 
ents of butter fat are given by Eichmond ^ as follows :~ 


Glyceryl tributyrate, 0.;HAG4H7()2 );i 

1 

about 

«,*r 

S*H5 

,, tricaproate, 0;,Hr,(G<jHiiO._j);. 


:-5*6f) 

,, tricaprylate, GnHjjlOHHijjO.j., 

>> 

0-55 

„ tricaprate, GjjHslGijjHijjOo)^ 

■>7 

I’ilO 

,, trilauratc, C;fHf^(G|.,H., 

J » 

27-40 

,, trimyristiate, CjjHj.,{tji4H2702)r5 

79 

20-20 

„ tripalmibato, G,H^,(C„ 5 H;„Ou )3 ♦ 

9f 

5-70 

„ tristearatc, CjiHrd^iKiiaBOoh 

79 

l-HO 

,, trioleate, G;{Hji(GmH;,;,c5_.);j, etc. . 

99 

85-00 



lOO-OO 


According to published analyses the fatty acids derived from 100 
grammes of butter consisted of-— 

DihydroxyatGaric acid, HC|sH.,3(OH)y(). 

Oleic acid, HG\hH,,;j 02 . 

Stearic acid, IlGiHH.,a0.2 
Palmitic acid, HGi«H3x0.j 
Myriatic acid, HGi4H,^0„ 

Laurie acid, PIG^aHjaGa " 

Oaprio acid, 

Caprylic acid, HGgHigOg 
Gaproic a(dd, HOgHjjOy 
Butyric acid, HC4H7O2. 



draiumcH." 

1-00 

()*3B 

Bii'50 

44-42 

1*83 

3-49 

38-61 

14-H3 

9-89 

16-43 

2-57 

5-01 

0*32 

1*19 

0-49 

MG 

2-09 

1-64 

5-45 

4*27 

94-75 

92*73 


The following table gives the results of analyses of butten* fat and 
of ‘‘margarine” and suaf^:— 



(kK)d butter. 

I^oor butter. 

M.argariuc. 

1 Huet, 

Butyric acid . 

Gaproic acid . 

5-3 to G-I 

4-G to 5*1 

0*5 

1 0*27 

3-2 „ 3*7 

2*8 „ 3-1 : 

0*3 

1 0-17 

Total volatile acids . 

8-G „ 9-7 

7-2 „ 8*8 i 

0*8 

i 0*44 

Solid non-volatile aedds . 

. 82*3 „ 82*9 

m-H „ 84*6 i 

93-4 

j 91-1,2 


Blyth and Kobertson ^ have separated butter into a solid crystalline 
fat and an oil, in the proportions of about 45*5 of butter oil to 54*5 of 
butter crystals. They ascribe the formula— 

CjjHrJ to the solid^crystalline body and conclude that butter 

is mainly made up of compound and not of simple triglyeerldas* 

^ Dairy Chemist:^, p. 85. 

^Browne, Jour. uhem. Soo., 1900, Abstracts, ii 55. 

^Crowther sad Hyud, Bioohem. J., 1917,1B9; 1917, i. mi 

Tiolctte, Jour. Ohem. Boc., 1^1, Abstracts, 

® Proc. Obem, Soc., 1889, 5. 

® So given in the Proceediugs ** ; probably oleic acid radical, Cj|H^O.g, It 
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Seigfeld ^ has shown that alcohol does not extract tributyrin (easily 
soluble in alcohol) from butter fat and therefore comes to the same 
confclusion. Caldwell and Hurtley- also failed to find any tributyrin 
in butter fat. According to Amberger,^ milk fat contains only about 
2^ per cent of triolein, the greater part of the oleic acid existing as 
mixed glycerides. He concludes that butyro-diolein, butyro-palmito- 
olein and oleo-dipalmitin are present. 

All the acids, with the exception of the oleic acid, are saturated 
compounds of the general formula C Hg + 1 .COOH. Acids of low 
molecular weight are liquids, soluble in water and volatile in steam, 
such as butyric acid, C^^H^COOH, caproic acid, C^Hj^j^COOH, and 
caprylic acid, C^Hj^rpOOH, whilst capric and lauric acids are very 
slightly soluble and volatile. 

The acids of higher molecular weight are solid, insoluble in water, 
and non-volatile. 


Milk fat, in addition to the above, contains traces of cholesterol, 
Co,H, 30 H, lecithin, C 3 H,.(CisH,, 02 ) 2 .[HP 0 ,.N(CH 3 ),C,H,( 0 H)] (not 
more than 0*5 per cent of the fat), and a colouring substance of un¬ 
known composition, which has been called “ lacto-chrome ”. Leroy 
and Eckles ^ find that milk fat owes its yellow colour to the presence 
of the yellow pigments which accompany chlorophyll in green plants, 
especially to xanthophyll and carotin. The coloured substances are 
not made in the animal but are directly derived from the food. The 
same authors find that whey contains another yellow colouring 
body quite distinct from those in the fat and which they regard as 
identical with urochrome, the colouring matter of urine. Milk fat 
is a variable mixture of chemical compounds and therefore liable to 
considerable variation in properties. Moreover, its physical constants, 
e.g., melting-point, are not sharply defined. It is insoluble in water, 
though capable of dissolving about of its weight of water. It is 
non-volatile at 100°, but in contact with air, absorbs oxygen and thus 
increases in weight; this, no doubt, is because of the unsaturated fatty 
acid (oleic acid) present. It melts between 29-5° and 33° C. (Bich- 
mond), and is therefore liquid in the animal. Its specific gravity 
varies, but is usually 0-930 at 15°, compared with water at the same 

temperature; at (liquid) = 0*9118; at = 0*9113. 

Solid fat is heavier, volume for volume, than the liquid form at the 
same temperature (Eichmond); so that, evidently, contraction occurs 
at the moment of solidification. By very slow cooling of melted 
butter fat, a partial separation of the various glyceryl salts occurs, the 
portion solidifying first being characterised by containing less volatile 
acids and less oleic acid or other unsaturated acids than the portion 
remaining liquid. 

The index of refraction of milk fat varies from 1*4550 to 1*4586 at 


^Milohw. Zentr., 1910, 6, 122; Jour. Ohem. Soc., 1910, Abstracts, ii. 327. 
Jour. Ohem. Soc., 1909, Trans., 853. 

^Zeitsjch. Nahr. Genussm., 1918, 313; J.O.S., 1918, Abstract, i. 418, 

4 J. Biol. Ohem., 1914, 191. 
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85"; the heat of combustion of i gramme is 9281‘8 calori(‘sJ It is 
soluble in hydrocarbons, in ether, carbon disulplride, axudoiu*, nitro¬ 
benzene and in warm amyl alcohol. 

The composition of })vitter fat is liable to conslderabh^ variation, 
being allV'cted l)y th(i food, period of lactation, and other conditions 
affecting the cows. It has been ol)served that large* (pnintiti(*s of 
cotton cake liave a marked effect ii])on the butt(*r aaid causr^ it to Ih*- 
coirie harder and winter, and to give the reactions for cotton-s(‘ed oil. 
This effect has been noticed within twenty-four hours after lV(;diiig 
with cotton cake commenced.- Beisame-oil cak(‘, almond cake, and 
cocoa-nut oil cake used as food for cows altei’ the- iodine; value ami 
percentage/, of volatile fatty acids of th(i l)utt«‘r fat.*^ lieferenet; to tin; 
change in composition of butter fat with advancing lacta,tion iuiH 
already l)een made. 

The fat exists in the milk as minuDi glol)iiles of diame.b;rs vaiwing 
from '0016 to *010 millimetre. The numbtir of globules in milk is 
astonishingly great, being estimated by different observers at froirs 1*52 
to 1T4 millions in the cubic rnilliinetn*. The globules vary greatly in 
sizti in any particular sample, but ce;rtain l)reeds of cows arc; r(miark- 
able for the ])reponderance of large-sized or of small-sized glol>ules. 
It has been sugge/sted that the fat glol)ules are surrounded by jui al¬ 
buminous membrane, but this theory does not receive much sup|K)rt 
at present, and the generally accepted view is that the fat is in the 
form of a true emulsion, each globule being surrounded by a hiver 
of liquid, held in position by surface attraction. 

BmwidUj /.—When butter fat becomes rancid, the; chicif chiuigi* is 
probably the hydrolysis of a portion of the fat into fr<;e acids and 
glycerol, ejj., + 3H,() == (dJi,(()H), + 

The glycerol probably oxidises to acrolein, or acrylic acicl, 

The fatty acids remain free, and those which are voiatile, 
ejj., butyric acid, give rise to the odour of mneid Imtter. Oleic acid 
and other urisaturated acids are oxidised, yielding Bubstances some of 
which are soluble in water, and which cause butter whicli has become 
rancid to give a brown coloration when dissolvecl in warm alkali. 

Albuminaids.—Mmch work has been done in connection with the 
detection and separation of the proteids present in milk, and very 
different views as to their number and nature are held by various 
investigators. 

Duclaux affirms that casein is the only proteid present, but that it 
exists in three in smpemum, colloidal camin and ramm 

in soPiUum. The latter is found in the filtrate when milk is passecl 
through a porous earthenware cell, while the other two are retiiitiiML 
The amount of the soluble casein is about one-eighth of the total pro¬ 
teid.. The colloidal casein is that-found in whey after the rennet hm 

1 Stohmann and Langbain, Jour. Oham. 8oe., 1891, Abstraofcs, 11. 

^ Thorp©, Jour. Ohem. Soc., 1900, Abaferaets, li. 2S7. 

‘^Baumert and Falk©, Zaitsohrift Untarsuoh. d. Nlhrung®- uiid ClfMiUiiiii., 
■ 1898, 
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precipitated the suspended casein, lie.' (juotes as tlie. I'esiilts el’ an 
examination of’ milk and the wliey I'onned from it— 

In HUspoiiHiou. j III Milulioii. I 

Milk, j Whey. ; Milk. \Viif>. I 

I ‘ i 

I ; 

-I*:{0 i O-H/) i - - I 

. I — , 5-:{7 />'7:i I 

i ; o-a? | 

i - ; 0*17 0'17 ’ 

- . I : (MO o-'io ; 

H-oi; I i*;{i i (;-(;o ! 

I ; 

Marnniai'sUui (187‘2-IH77) (iHScribi^s two aliuunirioids rasriii Jiitd 
albutuln: llaliilxirton “ also ^iv(*s two ciurinaifcn and nlhanihi 

Mngliii^ and Sohidion,*^ in addition, founil t/lii/mliii. I)a.nil(‘wsky 
and liadcnihausiai (IHHO) d(*H{;ril)od at loast fivi* proUdds as ]»i'(*s<‘nt in 
milk. Tluj pri‘S(‘n(ai of casein oy ca.s<‘in()^cn, allniinin ancl i^Iohnlin is 
gcnevrally admitted, whlii* one or two others arc. possibly present in 
very small proportion. 

i'amn. or, according to modern nommHdatnrc, vdnrinmjcn, is a* 
white amorphous body, di^void of taHti! or smell, iiiHolidde in watm; 
alcohol or ether, soliihif? in diluU* alkalif'S or solutions of alkaline car¬ 
bonates or phosphates. It is iimoluhle. in diluti!, hut dissolves in 
strong, acids. 

It is capable of uniting with calcium salts, particularly thi! plios- 
phate, with which it is associated in milk and from whic'ii it is freed 
with difliculty. 

According to Halliburton’s noinenelaturt% casein is tlu^ nanu? givtm 
to th(j curd formed by the action of rimnet upon milk. In tin* milk 
(umdmujmi exists and can 1 m*. precipitatied l>y acids. 

Various analyses of casmn Iiave iMien published. Idie following, 
})y (diittimden and l^ainter, may h(j taken as tyfucal : 

Pfir 


I'arbon ......... Oipao 

Hydrogen.7*17 

Oxygen ......... 2 ‘i’ 0 :i 

.Nitrogen.If, 111 

Phospliorus. 0-H/ 

Siilnlmr. ()*H2 


(.kseinogeii is eapalde of coagulation in two ways- by tlie action of 
an acid, less acid bcdrig rer|uired at high than at low tcnnperatnres; or 
by the action of the en/.ynie contained in rennet, known as reniiin, lab, 
chyrnosin, or pixine. This ferment is found in the Htomaclw of a Irirge 
niimbcjr of animals, being generally more abundant in yfmtig tlnm in 

KJompfc. IlencL, *Jg, lilS; Jour. C-heia. Hoe., I.BH4, Abstriwk, 702. 

Hllieriiical Pbysiology. *^Jour. Ho:i. Cbem. Itid,, IHHfl, 


* .’Fa(. 

; Su^ar 
j Casein , 

' Calcium iihospliatii 
Salts 
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adult individuals. It, or a tLrinent posse 3 Ssed ot' similar powtu’s, is 
found in l)irdB, fishes and in many plants ; also as a pi’oduct of thci 
action of certain l)act(iria. 

In the case of acid coagulation, the curd formed consists of the 
unaltered caseinogeti and is almost free from calcium compounds. 

With rennet the elTect is very different; the caseinogen is changcid 
into two proteids, one of which ordy is readily coagulated, the otlnu’ 
with ditliculty. The former is at once coagulated l)y the calcium salts 
'(mainly phosphate) pnssent in cows’ milk, and forms, with the em 
tangled fat, the curd ; the latte.r gO(^s into the whey and can be coagu¬ 
lated l)y heating to or 100". The curdling of milk by retmet is 
thus dependent upon the presence of calcium phosphate in the milk, 
Harnmarsten has proved that in the absence of calciimi phosphattt or 
other salts of the alkaline earths, rennet will not curdle milk. 

Under ordinary circumstances, rennet acts best at about 45" and is 
killed or destroyed at 70''. 

The albu/mm of milk closely resembles serum albumin of blood. 
It is in complete solution in milk l)ut is coagulated at 72'', or by satu¬ 
ration with sodium sulphate at 40", or ammonium sul|jhat(^ at ordinary 
temperatures, hut not by magnesium sulphate at 40It is also pre¬ 
cipitated by copper, mercury, or lead salts, by tannin and by alcohol. 

Its composition, according to Sebelien,^ is— 

Pur (uu«t. 

Carbon. 52* PJ 

Hydrogen. 7*18 

Oxygen.22*1)0 to 28* Li 

Nitrogen. 15*77 

Sulphur.1'78 to 1*1)0 

It differs in composition from casein in containing no phosphorus, 
more carbon, and more than twice as much Bulphin*. 

Many other proteids have been described as occurring in cows* 
milk, but some doubt as to whether they are not formed by the action 
of the reagents employed upon the casein or albumin has been ex¬ 
pressed. As an illustration of the complexity of the mcdhod adopted 
for the separation and preparation of some of the proteids, the follow¬ 
ing account of two proteids analysed and described by Htorch may 
be given.^ Skimmed milk was mixed with three times its volume of 
saturated solution of sodium sulphate and a few drops of egg albumin 
and heated to 100'". The coagulated casein was |lfeered off, and to 
the hltrate more sodium sulphate solution, a trace of acetic acid and 
solid sodium sulphate in excess were added, when a substance, A, 
was precipitated; to the filtmte strong acetic acid was added, when 
another precipitate, B, was formed, and the liquid was then found to 
be free from proteids. 

Substance A (the yield of which was about 2 per cent of the milk) 
was found to contain calcium and to be soluble in water, from which 
acetic acid reprecipitates it free from calcium and insolulda in water, 
though soluble in alkalies. Substance B was free from calcium and 


* Jour. Soc. Ohem. Ind., 1886, 887. 

» Jour. Ohem. Soo., 18UT, Abstracts, ii. 420; 1900, Abstracts, L 266. 
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insoluble in water; its amount corresponded to about 0*3 per cent of 
the milk. A was coagulated by rennet, B was not. On analysis of 
the purified substances the following figures were obtained 



A. 

B. 

Casein (Hainmarsten) 
per cent. 

Carbon .... 

54*43 

49*13 

! 

53*00 

Hydrogen 

5*81 

5*91 

7*00 

Oxygen .... 

22*52 

27*14 

22*05 

Nitrogen 

14*82 

14*13 

15*70 

! Sulphur 

0*C3 

1*58 

0*80 

i Pho.sphorus . 

1 

0*79 

2*09 

0*85 


A globulin (Eugling) and a fibrin (Babcock) have also been described 
as occurring in small quantities in milk. Bor all ordinary purposes, 
however, the proteids of milk may be considered as being composed 
mainly of casein or caseinogen and lact-albumin, the amount of the 
latter being usually about one-seventh of that of the former. 

According to some investigators ^ milk contains a substance—carnic 
acid, —in union with phosphoric acid, the amount in cows’ 

milk being 0*056 per cent, in human milk 0*124 per cent of^/ms- 
phorcarnic acid or nucleon. The compound phosphorcarnic acid is 
said also to occur in plants, especially during germination and blos¬ 
soming. 

Vitamines in Milk.^ —Both the water-soluble and the fat-soluble 
vitamines are present in milk, though, according to Osborne and 
Mendelthe former is not very abundant. Indeed, it has been 
stated that the antiscorbutic accessory is relatively deficient in milk, 
and that when the milk is heated or dried, the addition of orange 
juice, raw swede juice, or other substance is advisable when such milk 
is used for infants.^ 

Milk Sugar, —Lactose or Lacto-biose occurs in the milk of animals 
in varying quantities. It has not, with certainty, been detected in 
plants. 

The hydrated substance, -1- H^O, forms large transparent 

rhombic or monocrmic crystals, which possess well-marked cleavage. 
Its specific gravity is 1*534. It possesses a faint sweet taste. The 
crystals are stable at 100°, but at about 130° they begin to lose water, 
and decompose at 180° with partial charring. 

Milk sugar dissolves in 5*87 parts of water at 10° or in 2*5 parts at 
100°. The solution saturated at 10° contains 14*5 per cent of sugar 
•and has a specific gravity of 1*055. By spontaneous evaporation, 
the solution becomes supersaturated and does not deposit crystals 
until it contains over 21 per cent of sugar. On cooling hot saturated 

^ Wittmaaokand Siegfried, Jour. Ohem. Soc., 1897, Abstracts, ii. 220; and Stok- 
lasa, ditto, 678. 

2 J. Biol. Ohem., 1918, 587. ^ Biochem. J., 1918, IBl. 
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solutions down to ordinary tcinpn.ratm-es in closed vessels, no ciystai- 
lisation occurs and a hi^^hly sup<‘rsaturated solution is obtained. 
The crystals ar(^ insohd)i(i in alcohol or (dher l)iit veiy soluble in hot 
acetic acid. 

Lactose reseinhh^s glucose in possessing reducing pi’opertie*s, as 
shown l)y its action upon ainnioniacal silver solution in the^ cold and 
upon alkaline, c()pp(‘.r solutions on heating. Tliis is in cons(‘(|U{!nc(‘ ol‘ 
its contaitiing an aldtdiyde group, and on hydrolysis, either 1))’ ddute. 
acids or l)y an (nizynn‘. known as lactanc., it yields glucose and galactfjse. 

Its constitution has already Ixitni givcni (ride p. H)5). 

Milk sugar does not rtwlily undej-go alcoholic feriniuhation, i)Ut 
by the action of certain yeasts, ai(h?d ],)erha})s by the liydrolysiisg 
enzyme, lactase, it can lx*, inductid to do so. 

It is much more; pi’Oiie. to und(;rg() the, lactic fei’ineutation. Tliis 
is brought about by inicro-organisnis, which an* always ahundant in 
dairies, rtc., tliough ])rol)ahly all are not of the same; kind. The, 
chemical change involved is a])parently of a very simple; cliaracteu’ 

4- 11,0. - 4(IM,4()H)(!0()H, 

hut in many cas(;H othe;i’ products are form(;d and nnich more; compli¬ 
cated reactions must occur. 

Milk sugar is pre|mred from whey or from milk by reunoving the.; 
nitrogenous matter and Fat by means of mercuric nitrate, pre;cipitaiing 
the mercury from the filtrate hy addition of ceiimtic soda and huI- 
phuretted bydroge;n, and evaporating the clear liepiid until the milk 
sugar crystallise‘H out on cooling. 

The; reaction of milk towards indicators de;pe;ndH, of course*, gre*atly 
upon the indicator. 

Fresh milk is usually dt;Hcril)ed as amjihidsriv \vhe;n te:;Hted with 
delicate litmus paper, Le., it turns i*e;d litmus lilue; and lilue litmus retd. 
Towards phenol-phthaleiu milk is distinctly acid. It shoultl always 
be borne in mind that the nature of the reaction of a product contain¬ 
ing organic acids and acid phosphates, as milk does, deipemds mainly 
upon the; character of the^ indicator uhcmI. On keeping, milk ahiiost 
invariably becomes more and more acid, owing to the; activity of the 
lactic bacilli, the development of acidity being more rapid in warrii than 
in cold weathe;r. The average acidity of milk as sold, prolialdy cor¬ 
responds to less than ()’2 per cent lactic acid. As tin; acidity in* 
creases a sour taste becomes pero^jptiblc (at about ()’4() par emit), and. 
whei,i the amount reaches 0*7 per cant coagulation or curdling is pro¬ 
duced. .How©'ve.r long it may be kept milk rarely dev£do|.is an acidity 
exceeding 2 per cent lactic acid. The first percaptilila .sign of souring 
is a characteristic flavour discernible hy both taste and smell, due to a 
volatile product formed in the process and not to lactic acidd 

The Ash of l^llk is white and contains the inorganic constituente, 
together with sofoe products resulting from the oxidation of the; sul¬ 
phur, phosphorus and ■ carbon existing in the proteids mul other 

Wan Slykeand .Baker, J. BioL Chem,, 1018,147; 1018, Abstwnstg, L 417. 
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organic compounds. In the milk, the ash constituents doubtless 
exist in very different states of combination to those in which they are 
left in the ash. The amount of ash in milk is usually about 0*7 per 
cent and its composition varies slightly. 

Schrodt and Hansen ^ give the following numbers as the extremes 
of seven analyses of the mixed milk of ten cows taken at various times 
of the year:— 

Per cent. Per cent. 

Potash.22*55 to 26*94 

Soda., . . 10*26 „ 11*97 

Lime.19*71 „ 23*57 

Magnesia. 1*78 ,, 3*15 

Ferric oxide.traces „ 0*21 

Sulphur trioxide. 3*75 ,, 4*38 

Phosphorus pentoxide . , . . . 22*41 „ 26*51 

Chlorine.13*15 „ 16*15 

Of the ash, about one-third is usually soluble in water and 
consists mainly of alkaline chlorides and carbonates. Much of the 
basic material of the ash exists in the milk in association with the 
casein and in union with citric acid. 

Citric acid is present in cows’ milk to the extent of about OT per 
cent‘-^ and crystals of calcium citrate are sometimes found in con¬ 
densed milk. The presence of the citric acid probably accounts for a 
portion of the calcium phosphate of milk being in solution. 

The gases contained in milk are chiefly carbon dioxide, oxygen 
and nitrogen. From a litre of milk Pfliiger (1869) obtained 1 c.c. 
oxygen, 76 c.c. carbon dioxide, and 7 c.c. nitrogen. 

Cows’ Milk.—Cows’ milk, being the most important from a 
commercial and agricultural standpoint, has been studied much more 
thoroughly than the milk of other animals. 

Cows’ milk is a white, or yellowish-white, opaque liquid of sweet 
taste. Its specific gravity varies usually between 1*027 and 1*034, 
but in. certain cases may be outside these limits. 

When freshly drawn and quickly cooled, milk has a certain 
specific gravity, but shows a decided increase in density (about *0005) 
on keeping at the same temperature for some hours. This phenome¬ 
non, known as Eecknagel’s phenomenon,^ has been attributed to a 
molecular change in the casein and to the presence of air bubbles, 
which gradually escape; but is more likely to be due, as suggested by 
Eichmond, to the fact that the fat globules, liquid at the temperature 
of the cow, do not at once solidify on cooling, but remain for some 
time in a super-cooled liquid condition. Since contraction occurs 
when milk fat solidifies, their slow solidification during standing 
would cause an increase in density. 

The maximum density of milk is, unlike that of water, coincident 
with its freezing-point, about. - 0*55° C. or - 0*3° C. (Fleischmann). 

1 Jour. Chem- Sac., 1884, Abstracts, 1397. 

2 Henkel and Soxhlet, Jour. Ohem. Soc., 1889, Abstracts, 178. 

Berichte, 14, 2684. 
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It expands when heated at a rate which, naturally, is dependent upon 
its composition, but is usually about *0002 for each degree centi¬ 
grade. 

When milk is partially frozen the solid and liquids show consider¬ 
able differences in composition. If the milk be kept at rest, the usual 
rise of cream leads to the uppermost layers of spongy ice containing a 
high proportion of fat, but the real ice, actually frozen upon the walls 
of the containing vessel, is poorer in fat and much poorer in solids-not- 
fat than the remaining liquid portion of the milk. 

Mai found ^ that when 10 litres of milk were kept in a vessel ex¬ 
posed to a temperature of - 15° C. for thirty hours, the various portions 
had the following composition :— 



Sp. gravity. 

Fat. 

Solids-not-fat. 

Original milk. 

1-0318 

3*7 

8-94 

Upper spongy ice (0*6 lifcre) .... 

1*0256 

11*6 

8*30 

Hard ice, on walls (7 litres) .... 

1*0201 

2*9 

5*75 

Fluid portion (2-4 litres) .... 

1*0534 

3*3 

14*17 

Milk, thawed and re-mixed .... 

1*0320 

3*6 

8*97 


It is evident that the distribution of the suspended matter, particu¬ 
larly the fat, is determined by purely mechanical (gravitational) 
causes, but that that of the dissolved matters obeys the general rule of 
the freezing of solutions; viz., the frozen solid portion is poorer in 
dissolved matter than that remaining liquid. 

According to Fleischmann ^ the coefficient of expansion of milk in¬ 
creases with the temperature and with the proportion of solid matter 
present. He found that the variations in volume of ordinary milk (of 
specific gravity 1-0315 at 15°) were as follows :— 


become 


1,000,000 volumes at 0° 0. 
1,000,030 „ 1° C. 

1,000,391 „ 4° 0. 

1,001,273 „ 10° 0. 

1,002,134 „ 15° G. 

1,003,800 „ 20° 0, 

1,006,414 „ 30° 0. 

1,014,277 „ 60° 0. 

1,019,243 „ 60° 0. 


When milk is heated, the albuminoids apparently suffer decompo¬ 
sition and sulphuretted hydrogen is evolved. 

The specific heat of milk is about 0*847. Its refractive index {i.e., 
of the milk serum) is usually about 1*35. Skimmed milk and whey 
show very similar numbers. 


Chemical Composition. —Cows’ milk varies considerably in 
composition, its quality being dependent upon many circumstances, 
e.g., food, health, breed and age of the animals. 


^ Zeitsoh. Nahr. G-eaussm., 1912, 23,260; Jour. Ohem. Soc., 1912, Abstracts, 
ii. 680. . 

^ The Book of the Dairy, 1896, 13. 














AVKRA.G3<: COMPOSITION—COGOSTEl'M. 


ThewertM coniposition is given by Hichtuorul * a,s 

Pfjrc'nnt, 

Water..S7'I0 

Fat. 'EilO 

All Ik sugar.. - 

Casein . . - . . . • . • 

Albumin.. . 0**10 

Ash.0*75 

Citrie acid . . . . . . . . . 0*10 


C()lostrnm .—The first niiik at'Un- calving is known as colostrum, or 
“beestings,” and is essciutially different from normal milk. 

It is a yellow liquicl, with strong pungent taste, containing large; 
nurnhers of small clusters or cells “colostrum granulf^s” which 
vary in diameter from *005 to ’O^o milIime;ti-(» and apparcmtly r(‘Hult 
from the breaking up of the iiiilk glands. 

Eugling“ giv(;s the; coinposition of the colostrum of 22 cows as 
varying l)etw(!en- » 


P’afe 

. 

. 


1 *SH to 

4-US 

CaHein . 




‘i*U 1 

»» 

7-M 

Aibiniiiii 




il-lH 

1^0*21 

Sugar . 




len „ 

U'HU 

Anh 




l*ls ,, 

2*21 

d'otal solids 




24-Hl „ 


Specific gravity 




I*0/iU „ 

I-070 


The fat of colostrum has a higher melting-point (40'-db ) {muI 
contains less of the volatile* fatty acicls tfntn ordinary milk fat.. Tint 
sugar present is Iargc‘Iy grape sugar. Urea has been foum! in colos¬ 
trum. The ash ditTers from that of normal milk in tlie smaller amount 
of potash and the much larger cjuantlty of phosphorus p(*ntoxide (up 
to 41*4 per cent). Tim lic|uid sf^creted liy a cc^w gradually changeH, 
day by day, until in four or five days it approachets normal milk in 
composition, though the “colostrum gramih;s” can he (Iet 4 tciecl in thr; 
milk for fourtee.n days or more after calving* The rapidity with which 
coloHtrurn giudually passes into normal milk is well shown by the 
following analysers by Eugling 



'ratal 

miVuln. 

Fat 

('lendu. 

Aibmuiu. 

; Sui'ar, 

; Anil, i 

.ImmiicUiitely after calvhig 

2rr« 

UTj 

‘Ml 

nm 

; M'i 

i 1 

5 1*2 1 

After U) bourn . . , | 

21'i : 

4'7 ' 

4-U ^ 

^ ma 

^ 1-4 

- 141 ! 

„ 24 „ . . . 1 

1U*4 

4*7 ’ 

^ 4*0 ^ 

> n-n 

: Ml 

! 1*0 . 

t, n . . . * 

14*2 

4*2 : 

: im ? 

Mi 

\ :ri) 

■; tin 

72 „ . . . j 

i.H'4 : 

4-1 1 

^ Mi 1 

: 1 


i 4*1 

: (.PH 


Variatioiis in Composition. 

Injlmtum of brmd.—Grmb variations, es|>i»cially in the proportion 
of fat, ar(3 shown by the milks of different mens. The following 
numbers were obtained, at the New York ExperimarttHtatiori in IHil'l » 

* Dairy ChtMisIry, IfO. 

® Jour* (jherii. Sec., lS7t, Alistracte, S15j al»e I-iftderilairg*s Haiidwi»rtt?rliii<*li 
ier CliomI#. 

^ Vid§ .Report of Dfr^tor, p. 141 . 
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AVERAGE COMPOSITION OF MILK. 


Breeds. 

No. of 
aiialyse-s. 

Water. 

Fat. 

Sugar. 

Casein. 

Ash. 

Total 1 
solids, i 

Jersey . 

238 

84-60 

5*61 

5*15 

3 91 

0-743 

15*40 ' 

Guernsey 

112 

85*39 

5*12 

5*11 

3*61 

0*753 

14*60 ; 

Devon . 

72 

86*26 

4T5 

5*07 

3-76 

0*760 

13*77 i 

Ayrshire 

American Holder- 

252 

86*95 

3*57 

5*33 

3*43 

0*698 

13*06 1 

ness . 

124 

87*37 

3-55 

5*01 

3*39 

0*698 

12*63 j 

Holstein Friesian . 

132 

87-61 

3*46 

4*84 

3-39 

0*735 

12*39 i 

i 


Vieth ^ gives the following averages :— 


Breeds. 

Fat. 

Total solids. 

Solids not I'at. ! 

1 

! 

Dairy shorthorn 

4*03 

12*90 

8*87 

Pedigree ,, . . 

4*03 

12*80 

8*63 

Jersey . 

5*66 

14*89 

9*23 

Kerry. 

4*72 

13*70 

1 8*98 

Red polled .... 

4*34 

13*22 

1 8*88 

Sussex. 

4*87 

14*18 ' 

1 9*31 

Montgomery .... 

3*59 

12*61 

9*02 

Welsh. 

4*91 

14*15 

9*24 


Another important point in which the milks of cows of different 
breeds differ, is in the average size of the fat globules. In any¬ 
one sample of milk the globules are very varied in size, but their 
average dimensions can be estinaated. At the New York Experiment 
Station in 1891, a large number of measurements of the s'ze of globules 
of fat in the milk of cows of various breeds was made ; the results are 
briefly summarised in the following table:— 

AVERAGE DIAMETER OP MILK GLOBULES FROM COWS OP VARIOUS 
BREEDS DURING WHOLE PERIOD OP LACTATION. 


Breed. 

Diameter in frac¬ 
tions of an inch. 

Ratio. 

Diameter in 
millimetres. 

Guernsey. 


1*33 

0-00270 

Jersey. 

■Slh^T 

1*30 

0*00265 

Devon.. 

Tirlfxr 

1*20 

0*00245 

American Holderness . . ’ . 

ttItt 

1*10 

0*00225 

Holstein Friesian .... 

TriffF 

1*04 

0*00210 

Ayrshire. 


1*00 

0*00205 


In all cases, globules much larger (and also smaller) than the 
dimensions given occur, but in the milk of Guernsey and Jersey cows 

1 Quoted hy Riolimoad, Dairy Chemistry, p. 125. 
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the larger globiileB constitute the greater portion of the. total fat in the 
inilk, while in that of Ayrshire cows the larg(‘ glohuh^s ar(‘. vcny f(‘w 
and constitute only a small proportion of th(i total fat pr(^s(uit. 

These facts have an important infhi(inc(i on tla^ tviadiness with 
which the removal of cream can ha (Elected, for it is obvious that larg(*. 
globules possess greater buoyancy arid thei-tdore rise*, to tlie Kiirfa<?(». 
much more rapidly than the small oiuis. In fact tin*, vcn'y small onc^s 
probably never separate at all. 

Morning’s milk is said to have larg(n*glo}>iile.s than (evening’s milk.’ 
(Ihange from dry winter food togrr^en food in s])i*ing increase's the, h'v/ai 
of the globules." 

Injlimice of jmrhul (f lariat ion, . As a gen(*ral rule it scuetis that 

the ])roportion of solids in milk diminishes for a siiort time afhu’ calv¬ 
ing, then begins to increase and contitiues to do so to the. f‘ighth or 
ninth month after calving. Th«^ tVdlovving ligures are from the. <‘.x- 
penrn(‘nts at New Yoi’k Mx])erini{mt Station alre^ady alludcul to, and 
give th(‘ averages results obtained with 14 cows ■ 

COAIPOSITION OF MII.K OUHINO EACH MONTH OF I.AOTATION, 


INu’iod of la<‘.tation. 

Pat. 

OuHci n. 

Sugar. 

Anh. 

Total Molidn, 

month .... 

4'Hh 

U'hn 

5'(K) 

O-O'.l 

14*00 

Second ,, 

4'Id 

n-oh 

5-20 

<,)'72 

13*13 

Third. 

4*03 

3*23 

5*01 

0*71 

13*04 

Fourth ,, 

4*22 

3*42 

/)*0(» 

0*70 

13*30 

Fiftli ,, . . , . ' 

4*23 

: 3*32 

5*20 

0*70 

13*50 i 

Sixth ,, .... 

4*35 

) 3*01 

i 5*24 

0*73 

^ 13*00 : 

Seventh ,, 

4*mi 

* 3*51 ! 

^ 5*42 

0*74 

i 14-OH i 

Eighth „ . . . . ; 

4*311 

1 i 

5*35 

0*74 

14-IK) 1 

Ninth ,, . . . . i 

4*51 i 

1 3*H0 ^ 

5*13 

0*71 

i 14*17 i 

Tenth ,, . . . , : 

4*40 1 

1 

i 3*81 

5*311 

' 0*73 ! 

! 14*41 


The American ohservej-s also note a marked diminntion in the 
average size, hut a grc»at incniase, in tfie number of fat glolnilcm with 
the advances of lactation. 

The author’s experience? agrees with the rcmults of the American 
investigation wlien stall-fed animalH are consitleretL The? re.HnItH of 
about 700 analyses of the milk of 1,7 cows imule in the spring of 1000, 
classific.?d according to the rnorith of lactation of the cow^h when the 
milk wm collectral, are giveui in tht? taljh? on the next prige. 

With cows at pasture, however, it appears that vvhilrt the? fat arul 
to some extent the proteidn of .milk show the change, di:‘Hcrihi,?d, the 
amount of solids-not-fat show a general tendency to <limhiish with 
advancing laetatiori. In an investigation^ involving sorm* Sfjf.JO 
analyses, conducted by the writer in 1 , 002 - 'May 25 h? duly 26-■ the 
results, when tabulated iicco.rding to rnoritlm of lactation of thr? (tows, 

* Agrir. 44U 

S(:lmif!ltfiil>€*rger, Atileh Edtmig, IHtUk SIT. 
rmris. Ifigli. and Agrie. Him, Ht'otlaml, EKFI, VMk 
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1 Total 


18*02 i 

12*21 ' 

i2*(;4 

12*70 
12*00 

18*01 
18*72 ' 

15*tH 

^ive aK the average values for the solids-uot-fat in the milk, the follow¬ 
ing figures 

I Per eeiit orHolidH not fat in milk, i 


0*02 

H-00 

8*BH 

H*H8 


8*48 


(Irowther and Huston ^ obtained results in general agreement with 
those> just quoted, their figures being, 9*17, 8*96, B*B8, 8*86, 8*8f), 8*77 
and 8*67, while for the eighth, ninth and tenth months they found 
H*()(), 8*66 and 8*67 per cent. Thcj proportions of ash and of milk 
sugar appear to undergo hut little change with advancing lactation. 

The changes in composition of milk with advance of lactation differ 
conBicko*al)ly in individual cows, })ut on the average, milk is richest in 
fat, total solids and albuminoids in the earliest and latest stages of 
lactation and is most watery al>out the second or third month. The 
fat not only alters in amount hut also in constitution, for it seems 
clearly proved that with cows far advanced in lactation, the proportion 
of volatile fatty acids in the fat* becomes distinctly Bmaller and some¬ 
times gives rise to the Buspieion that butter made from it has been 
sophisticated, 

Inflmme o//ooi.—The character of the food of a cow has an in¬ 
fluence on the quantity and quality of the milk only between narrow 
limits, unless incipient starvation be induced. Rich, palatable, con¬ 
centrated food is conducive to an increase both in the quality and 
quantity of the milk, but only up to a certain point. It is usually 
asserted that the use of succulent or sloppy food to stall-fed cows in¬ 
creases the quantity but r^iuces the quality of the milk ; but according 

* Trans. High, and Agrie. See. Scotland, 1911- 


of lactation. 


I Firnt month 
i So(;ond ,, 

: Third 
I Fourth ,, 

! Fifth 
I Sixth ,, 

I Hnvonth ,, 


PtTiotl <»1‘ lactation. 


Firsli nu tilth 
Stuiond ,, 
Third ,, 
Fourth ,, 
Fifth 

Sixth ,, 
Seven til „ 
Figlith ,, 
Ninth 
Tenth 

Eleventh ,, {ev( 


ning only) 


Fat. 

i 

Solids not fat. 

. ' 4*11 

8*01 

. . 8*40 

8*81 

. 1 B*(i5 

8*00 

] i 8*70 i 

0*00 

. 1 8*82 

0*08 

1 4*80 

0*81 

. ! 4*85 

0*87 

j 5*48 

0*05 
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to Danish and American experiments this is not true. At Copen¬ 
hagen (20th Eeport, 1890), for example, experiments conducted with 
636 cows for three years showed that the addition of 40 lb. of mangels 
or 50 lb. of turnips per day increased the daily milk yield by over 
2 lb., while the animals increased in weight and consumed 3*08 lb. 
less straw daily; but no appreciable alteration in the composition ot 
the milk could be detected. The writer found that the addition of 40 lb. 
of brewers’ grains to the food of cows at pasture had certainly no 
effect in increasing the amount of water in their milk. Tangl and 
Zaitschik ^ also failed to find any change in the composition of milk 
when the food of the cows was changed from a dry to a very w^atery 
one. 

Many investigations as to the influence of food upon milk produc¬ 
tion have been made in America.^ The majority of these have been 
directed to contrasting the effects of rations with wide and with narrow 
albuminoid ratios, and the results show that a distinct improvement 
both in the quality and quantity of the milk can clearly be detected 
when the food of the cows is changed to a more nitrogenous ration. 
Thus in tests including some 150 animals the mean results in the table 
below were obtained :— 



Wide ratio. 

Narrow ratio. 

Average weight of cow. 

766 lb. 

765 11). 

Daily 

rations 

(Digestible protein. 

1-78 lb. 

2-40 lb. 

Puel value of nutrients .... 

518,100 

26,600 

Albuminoid ratio. 

1:7-7 

1 ;5*1 

Viead 

Total cost. 

18*1 cents 

17*2 cents 

[Neb co8t‘‘. 

9-9 „ 

8T „ 

/ofmilk. 

yield . 

18*0 lb. 

18-2 lb. 

1*00 lb. 

1’04 lb. - 


to produce 100 lb. of milk, total 

103 cents 

97 cents 

Cost of 

M „ ,, uet-^ 

to produce 1 lb. of butter, total 

56 „ 

45 ,, 

food 1 

19 „ 

17 „ 

t 

n n M net^ 

10 „ 

8 „ 


It is very doubtful whether these changes, clear and distinct though 
they are, are of more than a temporary character. 

In 1901,^ the writer carried out investigations upon the effects of 
changes of food upon cows at pasture, upon the composition of their 
milk. 

He found that the addition of a food rich in albtiminoids (gluten 

^Landw. Versuchs-Sfeat., 1911, 74,183. * 

Vide B^orts of the Storrs Agrio. Expt. Station, 1894-7. 

^ Trans. High, and Aghc. Soo. Scotland, 1902, 284. 

‘‘Total cost of food, less value of obtainable manure. 

’^Assuming butter to contain 82*4 per ceot fat and 96*3 percent of the total fat 
of the milk to be obtained as butter. 
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meal) produced an increase of 3’75 per cent in the quantity of milk, a 
very slight increase, 0-03 per cent, in the proportion of fat, and of 0*08 
per cent in that of solids-not-fat; that a food rich in carbohydrates 
(maize meal) gave an increase of 2*95 per cent in the yield of milk, 
l)ut that the fat content of the milk was diminished by 0*18 per cent 
and the solids-not-fat by 0*03 per cent. 

The ixnprovement in the amount and quality of milk which usually 
ensues when cows are turned out to pasture in the early spring is not 
to be attributed entirely to the change of food, but largely to the more 
healthy and natural character of the conditions of life and, perhaps 
most of all, to the increased quantity of food which the animals then 
consume. Tn England, the change in the milk when the cows are 
turned out to grass is usually said to be an increase in quantity, but 
with a lower fat content. Broadly speaking, it may be said that if the 
cows are sufficiently fed, a change of food produces, at most, a tempo¬ 
rary effect upon the quality of the milk. 

The flavour of milk and butter, and especially the chemical char¬ 
acter of the milk-fat, are greatly affected by certain foods. Certain oil 
cakes, if used in large quantities, have a marked effect upon the melt¬ 
ing-point, iodine value, proportion of volatile acids and other char¬ 
acteristics of the fat of milk. Poods with strong flavours often impart 
their characteristics to milk. 

Infitmwe of season .—According to the numerous analyses of Bich- 
mond and Vieth,^ the winter’s milk is richest, the summer’s poorest, 
while milk in spring and autumn is of intermediate quality. 

They found the average amount of fat to be at its maximum (4*30 
percent) in November, at its minimum (3*79 per cent) in June; the 
solids-not-fat showed a maximum (8*92 per cent) in October and a 
minimum (8*71 per cent) in August. 

The writer’s experience with the herd at Garforth, gave the follow¬ 
ing average figures 



Fat iu moruiug. 

Fat in evening milk. 

March and April, 1900 .... 

8*20 

4*50 

May and une, 1902 .... 

2-74 

4*04 

July and August, 1901 .... 

2-64 

8*99 

July and August, 1902 .... 

2'98 

4*87 

September, 1901. 

2*88 

4*18 

September, 1902 . 

8*87 

4*50 


indicating that the fat content is lowest in summer. The actual in¬ 
fluence of season, however, in all these results is obscured by those 
of food, conditions of existence—whether at pasture or in stall—and 
other circumstances. 

Mflmnce of time and manner of milking ,—In most cases cows are 


* Dairy Chemistry, 127. 
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milked twice a day—morning and evening. The intervals between 
the two milkings are usually unequal, being often ten or eleven hours 
and fourteen or thirteen hours respectfully. It is almost invariably 
found that the proportion of fat is distinctly greater in evening's than 
in morning’s milk, and in some cases th6 difference is very great. The 
author ^ has shown that by altering the intervals between the milk¬ 
ings, a considerable change in the proportion of fat in the milk occurs. 
Thus five cows, milked at intervals of fifteen hours and nine hours as 
is usual at Garforth, gave at each milking an average of— 


1 

At 6 a.in. 

At 3 p.m. 

j 

1 Aggregate yield .... 

' Fat content of milk 

97 lb. 

2*94 per cent 

64T lb. 

4-50 per cent 


These were then milked at intervals of twelve and a half and eleven 
and a half hours for five weeks. During the last of these weeks the 
average results were— 



At 6 a.m. 

At 5*30 p.m. 

Aggregate yield .... 
Pat content of milk 

78 lb. 

3*20 per cent 

66*7 lb. 

3*63 per cent 


After changing back to the old times of milking, the same cows 
gave— 



At 6 a.m. 

At 3 p.m. 

Aggregate yield .... 
Pat content of milk 

76-9 lb. 1 

2*90 per cent 

54*0 lb. 

4*48 per cent 


In May, 1908, in connection with a milking contest at an agri¬ 
cultural show in the Transvaal, the writer had a somewhat striking 
’example of the effect of very unequal intervals preceding the milkings 
upon the proportion of fat in the milk. 

The average of two morning milkings of four cows (milked at 9 
a.m.) gave 110-2 lb. of milk containing 2*57 per cent of fat, while 
that of three evening milkings (at 5 p.m.) of the same animals gave 
67-7 lb. of milk containing 5*08 per cent of fat. Here the intervals 
were sixteen hours and eight hours, and, as the figures show, the per¬ 
centage of fat in the milk was approximately inversely as the intervals 
preceding the milkings. 

1 Trans. High, and Agric. Soc. Scotland, 1903. 
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To siimniariH(i the four sets of iigures just quoted, we have- 


Intervals . 



In III)nrs 

and 

9 hours. 

Hatio of intervals . 



1 *(3G 


1 

Uatio of milk . 



1'51 


1 

Uatio of fat conbcmt 



1 


1*51 

hitermih . 



1‘2A hours 

and 

ll'l hours. 

Uatio of intervals . 



"l-Oli 


1 

Uatio of milk . 



M7 


1 

Uatio of fat content 



1 


1*18 

Intervals . 



15 ]lOU7'S 

and 

9 hours. 

Uatio of intervals . 



1-GG 


1 

Uatio of milk . 



1*18 


:i 

Uatio of fat content 



1 


1-54 

Infervals . 



IG hours 

and 

8 hours. 

Ratio of intervals . 



o 


1 

Uatio of milk . 



1-G4 


1 

Uatio of fat conUnit 



1 


1*97 


Thtise ligures atul many others which have been obtained in the 
course of the writer’s investigations show that the percentages of fat 
in the milk ani approximately inversely as the lengths of the intervals 
of time preceding the milkings. Collins^ has deduced the following 
expressioti to calculate the probable difference in percentage of fat in 
morning arul evening milk 

E - M «~ 0-2 
4 

where E re])reHents percentage of fat in evening milk, M that in 
mov-ning milk, e the time in hours between thei evening milking and 
the morning milking, and wthe time in hours from the morning to the 
evcming milking. But it would appear that it is the rcUio between the 
ptircentages of fat in the evening and morning milks that is affected, 
rathei* than the actual difference between them. 

If cows could he milked at equal intervals of twelve hours, there 
would probably be little difference, either in yield or in percentage 
of fat, between the morning and evening product. WhenevfU' the 
exigencies of trade necessitate very unequal intervals, there is always 
great risk of the milk taken after the long interval being deficient 
in fat., 

By milking three cows four times a day, at intervals of six hours, 
for four days and analysing the milk, the average figures on opposite 
page were obtained. 

Prom these results it appears that the milk secreted, between 5 a.m. 
and 6 p.m. is much richer in fat but smaller in quantity than that 
secreted at night, and that by far the largest amount is secreted in 
the six hours after 11 p.m. 

But the results may be affected to some extent by the unequal 
intervals, 16 hours and 9 hours, to which the cows had long been 
accustomed, having some influence upon their manner of secretion. 
Other experiments have shown that cows, which have become habitu- 

i Proeeedings of the Durham Philos, Soo., 1911, pt. 1. 
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Time of milking. 


5 a.iu. 

11 a.m. 

5 p.m. 

11 p.m. 


lb. 

lb. 

lb. 

lb. 

Percentage of fat in milk (mean) 

2*8 

3*6 

3*5 

3*0 

Weight of milk secreted (total) . 

. 40*0 

23*5 

24*0 

24*0 

,, ,, (ratio) . 

1*0 

0*o9 

0*60 

0*60 

Weight of fat yielded (total) 

1*1 

0*85 

0*82 

0*70 

,, ,, (ratio) 

1*0 

0*77 

0*75 

0*64 


ated to a certain set of conditions, retain the same manner of secre¬ 
tion for some time after the conditions have been changed. 

It is also well known that the milk first drawn from a cow at 
milking time is very poor in fat (“fore milk”), while the last portion 
(“strippings” or “ afterings ”) is very rich. Cases in which the 
“ fore milk ” contains less than 0*5 per cent of fat have been noticed, 
while “strippings” will sometimes contain as much as 10 per cent. 
It is also found that the size, as well as the number of fat globules per 
unit volume, increases as the milking proceeds. This is probably due 
to a partial “creaming” taking place in the udder, since the produc¬ 
tion of milk seems to be a continuous process. 

The writer has also noticed that, with many cows, the milk yielded 
by the separate quarters of the udder differs very considerably, both 
in fat content (which appears to be capricious in its distribution), and 
also in solids-not-fat, and that it is the milk sugar which shows the 
largest variation. 

For example, the results on following page were obtained with the 
evening milk of one cow, the initial letters referring to the right fore¬ 
quarter, right hind-quarter, left fore-quarter, and left hind-quarter 
respectively. 

It is thus clear that the milk from the left hind-quarter of this cow 
was much poorer in milk sugar and slightly poorer in fat and albumi¬ 
noids than that from the other quarters. 

A similar phenomenon, in varying degree, was shown by many 
other cows, and, in nearly all cases, the quarter which gave the 
smallest total quantity of milk was lowest in solids-not-fat. It was, 
however, not always the left hind-quarter of the udder which showed 
this deficiency. 

Still more remarkable, in one case at least, the quarter of the 
udder which gave the deficient milk changed between the end of July 
and the beginning of November, and as marked a deficiency was 
then noted in another quarter. 

That the proportion of fat in the milk from the separate quarters 
should vary is not surprising, but that the soluble matter in the milk, 
elaborated from the same blood stream, should show these large dif¬ 
ferences is very difficult to understand. 
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R.B\ 

R.H. 

. 

L.F. 

L.H.; 

l,^J*r()}i(yrtmi of Fat, 







1 

October 24t;h 



• 

5*2 

5*0 

4-3 

3 8 } 

„ 2hUi 

. 



3*9 

4*4 

8*4 

3*2 i 

November Ist 



* 

5*6 

5*3 

4*5 

3*7 j 

IVIean .... 


• 


4*9 

4*9 

4*1 

•: ‘8 i 

ll.-^PraportuM of AlbwninoulH, 








October 24th 


, 

. 

3*76 

3*77 

3-57 

3*G5 

„ 2Hth 

. 



3*55 

3*60 

3-45 

3*39 

November Ist . . . 

• 

. 

• 

3*73 

3*69 

8-55 

3*38 

Mean .... 

• 


* i 

3*r>H 

3-09 

3*52 

3'47 

III. — Pro2)ortio7L of Sugar. 



! 


i 


1 1 

October 24th 




5*0 

5*0 

4-5 

I 2*7 1 

2Hth 



* j 

; 4*7 

4*9 

4-6 

; 3*8 I 

November Isft 

• 

• 

' ! 

j 4*6 

4*8 

4-4 

■ 3*6 1 

Moan .... 


. 

’ 

4-76 

4*90 

4*50 

! 8*B() 1 

1 

IV .—Propoftitm of Anh. 




1 

• 


1 1 

November Ist . 

• 

• 

• 

1 0-G9 

0*70 

0-69 

! 0-74 j 


Influence of other oircumstameB.—In addition to the infliiences 
just discussed, there must be many others of which little is known. 

There seems to be little doubt that the average composition of the 
milk yielded by a cow is mainly dependent upon the individuality of 
the animal, but even when all known disturbing causes are eliminated 
her milk will be found to vary greatly from day to day. 

The great fluctuations in the fat content of the milk of a cow, 
kept under as constant conditions as it is possible to secure, weiB 
called attention to by the writer in 1901,^ and the results, obtained 
from the examination of the morning and evening milk from each of 
17 cows, have figured largely in many prosecutions for alleged milk 
adulteration. 

This investigation showed, in a most emphatic manner, that 
morning's milk was much poorer in fat than the evening milk from 
the same cow, when the intervals between the milkings were unequal, 
but that the percentage of fat in either the morning or evening milk 
was liable to enormous variation from day to day, even when the con¬ 
ditions were, so far as they could be controlled, unchanged. 

When the mixed milk of many cows is analysed, these fluctua¬ 
tions are often, to a great extent, masked, since they rarely occur in 
the same direction, simultaneously in many animals. 

The results have been entirely corroborated, both by further In¬ 
vestigations by the writer and by othere. The fluctuations are greatest 


^ Trans. Higli. and Agrio. Bos. Scotland, X901, i218. 
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in cows yielding much milk ; with advancing lactation they gcMunuIly 
tend to become less marked. 

These irregularities are shown liy the percentages of fat only, the 
other constituents exhibiting little variation. The yield of milk varies 
somewhat, but there is little correlation between yitilds at, say, suc¬ 
cessive morning milkings and percentages of fat in th(‘, morning niilks. 

To show the character of the variations, the results given by the 
analyses of the morning and evening milks of two cow^s out of the‘. nine¬ 
teen studied, in 1901, for forty consecutive days, are represented graphi¬ 
cally in Figs. 12 and 13, the cows whose milks are r(ipn*sented Ijeing in 
the 134th day (B^ig. 12) and the 70th day (Bhg. 13) of lactation at thc^ time 
the experiment began. The upper lines in the diagrams represemt thci 
percentage amounts of solids-not-fat in the morning (dotted line) and 
evening (continuous line) milks each day; the lower continuous linci 
gives the percentage of fat in the evening, th(i lowfu* dotted linti tliat in 
the morning milk, while the vertical colunms repre^semt by their height 
(1 per cent, corresponding to 10 Ih. milk) the weight of milk yicilded at 
each morning (shaded column) and evening (l)lack column) milking. 

As the diagrams show, variations of 1 p(ir cent of fat in the 
milk from successive morning or evening milkings are, not infr(‘qiient, 
so that when the milk of individual cows is concerned, even tin*, “ap¬ 
peal to the cow,” so often rejgarded as ndiahle, in actions for alh^ged 
tampering with milk, may furnish misleading (n'uhnice. In the, mixed 
milk of many cows, the fiuctuationH are much hms marked, hut even 
in this case, great differences in fat contemt are shown betwtHui morn¬ 
ing and evening milk, if the intervals be vary ime(|uaL 

As to the caus€5 of these great variations in tln^ proportions of fat 
in the milk of a cow from day to day, little is really known, Bince 
the casein, albumin, milk sugar and ash do not share in the ir¬ 
regularities, it seems obvious that variations in tlie acstivity of the fat- 
producing organs, ie., the mammary gland itself, must be the cause. 
But as to what induces these irregularities, little knowledge has been 
obtained. The writer, some years ago, suggested that th(‘y were 
probably connected with changes in the placidity or contentedness 
of the animals, and though the hypothesis has given rise to some 
amusement arul has formed the subject of several humorous skits,^ 
he still adheres to the opinion. 

At periods of sexual excitement, cows often show consideralile 
irregularity in their milk, both in quantity and quality, and theu’a can 
be little doubt that such circumstances as palatable or distasterul food, 
comfortable or comfortless housing, freedom or otherwise from annoy¬ 
ance by insects or dogs, and other conditions affecting the placidity 
of existence, may exert considerahle influence upon the physiological 
processes going on in the animal and thus affect the secretion of milk. 

THE MILK OF OTHER ANIMALS.-- The following table 
(p. 361) gives the average cjomposition of the milk of various ntarri- 
mals, mainly from analyses compiled by Richmond*'^:— 

* For eiamp!®, §«« Mooiisliittii, February S, 1902; Panoli, May IS, 11108. 

® Baity Cliemiitry, p, S2$. 











MILK OF VAlilOUS ANIMATiS. 


mi 



Watt*r. 

; Fat. 

Suj^ar. 

I'rotchls. 

Ash. 

Cow . . . • 

HT'IO 

i 3 *90 

4*75 

3*40 

0*75 

Goat h' 

HG-04 

' 4*(;3 

4*22 

4*35 

0*70 

Eweh'^ . , 

7!l*4h 

H*0.S 

4*2H 

0*08 

0*97 

BulTalo 


7'ol 

4*72 

4*14 

0*90 

Woman 


;P30 

0*H0 

.1*50 

0*20 

Mare .... 

sn-so 

1*17 

0*89 

1*84 

0*30 

Ass - . 


1*20 

0*50 

1*00 

0*4fi 1 

Bitcli . . . . ( 

7b-4 4 

'.rb7 

3*09 i 

; 11*15 

0*73 1 

Cat . . . . 1 

Hi m 

3*33 

4*91 ; 

: 9 OH 

0'5H ; 

Rabbi b ‘ . . . i 

GU'bO 

i()*4r, 

1 *95 1 

1 15 54 

2*50 ' 

! Camel . . . . i 

HO-Kb 

3*07 

5*59 i 

4*00 

0*77 f 

: Klephant," . . - j 

07-HS 

19*57 

H*84 1 

3*09 

0*05 

; How . . . . 1 

H4*04 

4 *55 

3*13 ! 

7*23 

1*05 

1 lieindeffr . . . j 

07*20 

17*10 

2'Hl i 

11*40 

1*49 ’ 

i Porpoise . . j 

41*11 : 

4S*50 

1 *33 : 

11*19 

0*57 . 

! Whale. . . . j 

4K*r>7 . 

43 07 

7*11 I 

0*10 , 


The conKtituentH shown in the above table not only vaiy in atnount 
but also in nature ; tlie fat, particularly, (iiders in (lille.rcuit aninials. 
The fat of human rnilk, for example, is much poorer in volatih^ acids 
but richer in unsaturated acids tlian the*, fat of cows’ milk. Laves*' 
found in the fat of human milk only 1*4 per C(*nt of volatih^ acids, in¬ 
cluding only a mei*e trace of l>utyric acid. Tlie fat globulc^s are 
smaller than in cows’ milk. 

(Jasein from different milk is also found to difIVu*, especially in the 
manner of its coagulation under the infiueticii of rennet or of acids. 

The sugar of the milk of certain animals, too, apparently differs 
essentially from lactose; a.f/., the sugar in rnares* milk is c*,asily sus¬ 
ceptible to alcoholic fermentation. According to liiclimondp the 
rnilk of the gamoose, or Eygptian water buffalo, contains a sugar dis¬ 
tinct from lactose. This, however, has been denied l)y Porchiffs.^ 

MILK PRODUCTS. 

Many valuable products are derived from milk, tin*, most impor¬ 
tant being the following:. 

1. dream and skim-milk. 

2. Buttm* and butter-milk. 

*i. dheese and whey. 

4. (’ondensed milk. 

/3. Koumiss. 

Ci. Kephir. 

LSee Voolcker, Jour. Cheiii. Hoc., IHH2, Abniriyito, fill; iOho SarU»rL .four. 
CheiiL Hoc., IBIU, AI>Mtracts, IIHI. 

See SehloiMmami, Joiir. Hoc., IHW, Abntmct^, ii. 074, who ftamcl much 

less fat. 

LHee Doramiw, Jour. Flierii. Hoc., 1891, AbMtraf.;r,s, OB. 

'*Sc:*i] algo Piz7i, Jour. Ciltcun. Hm*., 18II0, Almfemcte, ii. M). 

HVerenskiold, Expfe. Hfcn. fla:-owL IBOb, 71S. 

Llour. Chum. Hoc., Ali«fcmet«, ii. 

18110, Trarw., 754. « Hull. H<k^ Cblru., .UKia, Has. 
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Cream.- .-The fat globules of milk, being lighter than the liquid 

in which they are suspended, tend to separate and collect near the 
surface of the milk, when the latter is allowed to remain motionless 
under t le action of gravity. The rapidity with which the separation 
of the milk into two layers—one rich in fat globules and the other 
almost devoid of them—occurs, depends upon many conditions. One 
of the most important is the size of the globules. The milk of Guernsey 
or Jersey cows quickly throws up its cream owdng to the large size of 
the fat globules, while that of Ayrshire cows is slow in yielding cream. 

Another factor of importance is the difference in the magnitude of 
the forces acting upon the aqueous and fatty portions of the milk. 
Under ordinary conditions this (depending upon gravitation) is practi¬ 
cally constant (though differing to a small extent according to the 
latitude); but, by imparting rapid rotation, centrifugal force of far 
greater magnitude than the force of gravitation can be brought to hear 
upon the milk. The separation of the lighter fat from the heavier 
aqueous portion then becomes very rapid. This is the principle of 
the milk separators w^hich are coming so rapidly into use. For details, 
the reader is referred to any modern treatise on dairy work. 

Another method of facilitating the separation of cream is known as 
deep setting,” in which the milk, while yet warm, is placed in cans 
about 18 in. deep, which are then surrounded with cold water or, 
better, ice. In this case, the whole of the fat will be found on the sur¬ 
face after about twelve hours. 

It is not quite easy to understand why the fat globules should 
collect at the surface more quickly whan the milk is thus cooled than 
under ordinary conditions. As fat contracts and expands with changes 
of temperature more rapidly than water, a low temperature would 
tend to lessen the buoyancy of the fat globules, and on that account 
tend to lengthen the time necessary for their coming to the surface. 

The writer is of opinion that the explanation of the action observed 
is to be found in the gentle convection currents which are set up by 
the cooling action of ice or water on the walls of the can. The milK 
in contact with the walls of the vessel, as it cools, becomes heavier and 
slowly sinks to the bottom, the warmer and therefore lighter milk 
rising in the more central portion of the vessel to make way for it, 
while the milk nearer the surface is slowly drawn outwards towards 
the walls of the vessel and sinks. In this way, a very slow circulation 
probably takes place, and, during the whole time, the fat globules are 
tending to rise to the surface, from which, on account of their levity, 
they will not be moved by the gentle downward currents. In this 
way, the fat globules accumulate quickly at the surface, behaving in 
much the same way as if the milk were set in a very shallow vessel, 
the buoyancy of the globules having, so to speak, only to do the work 
of raising them out of the slow current of milk which is continually 
passing beneath the cream layer* Another factor which may aid in 
the process is the persistence of the fat, during rapid cooling, in its 
liquid, and therefore lighter, form, while the aqueous portions of the 
milk are rendered denser as they cool. As has already been stated, 
liquid fat is of lower specific gravity than solid' fat at the same tem- 
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perature, and there is some evidence that super-cooling of fat globules 
readily occurs. In ordinary setting, assuming that the same period 
elapses before the fat solidifies, the aqueous portion of the milk will 
not differ so much in density from the fat globules for so long a time, 
as when the milk is quickly cooled. 

Another possible way in which the quick cooling facilitates the 
rise of the fat, may be in its preventing or delaying the coagutation of 
the small quantity of fibrin which, according to Babcock, is present 
in milk and which, by entangling the fat globules, hinders their rise 
under ordinary conditions of setting. 

Many other advantages attend the practice of cold setting, among 
which the very important one of lessening the fermentation of the milk 
sugar and of hindering all bacterial growth, both in the cream and in 
the skim-milk, by the low temperature and shorter time of setting, 
may be mentioned. 

The composition of cream is liable to enormous variation, the pro¬ 
portion of fat fluctuating between 9 or 10 per cent and 60 or even 70 
per cent. 

If obtained at low temperature, the amount of fat is usually small 
—about 20 per cent; by shallow setting, it may vary from 15 to 40 per 
cent; whilst with the separator, by adjusting the rate at which the 
milk passes away, almost any richness of cream may be obtained. 

The aqueous portion of cream contains the usual solids of milk 
almost in the same proportion as in milk itself. The amount of solids 
not fat is usually slightly higher than in milk, due probably to evap¬ 
oration of water during the setting. This is especially the case with 
^'clotted cream,” prepared by the Devonshire method, and whose 
composition is more uniform than that of ordinary cream. According 
to Eichmond, the average composition of this substance is—water 
34-26 per cent, fat 58*16, ash 0*60, solids-not-fat 7*52. 

The specific gravity of cream can only conveniently be directly de¬ 
termined if its fat is below 30 per cent. If stiffer than this, it must be 
diluted with an equal volume of separated milk and the specific gravity 
of the mixture taken. Eichmond gives the following numbers :— 


Specific gravity. 

Per cent fat. 

Specific gravity. 

Per cent fat. 

1-0035 

29-0 

1-0125 

21-3 

1-0070 

26-0 

1-0130 

20-8 

1-0090 

24-0 

1*0210 

13-5 


—and he gives, as a formula connecting the specific gravity and per¬ 
centage of fat in cream, the following :— 

F = 32-0 - 0-892g, 


where F = per cent of fat, G = lactometer reading [i.e., specific 
gravity x 1000 - 1000), and D = true specific gravity. 

This formula does not'apply to clotted cream. 
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Skimmed Milk is similar in composition to ordinary milk, with 
the exception that it contains little or no fat. The other constituents—* 
water, sugar, casein, though preserving the samti ratio to each 
other, are slightly raised in percentages. Skimmed milk from shallow 
setting usually contains anything between 0*4 and 2 per cent of fat, 
while with a good separator, the amount is usually from 0*05 to 0*3 
per cent. Its specific gravity is usuajly between 1*034 and 1*037. 
Its average composition, as given by Fleischmann, is— 



Hotting. 

Separator. 

Water .... 

H9-H5 

90-30 

Fat .... 

0*75 

o-ao 1 

Proteids 

4*08 

4-00 , 

Milk sugar . 

4*60 i 

4*70 

Ash .... 

0*77 1 

0-75 


100*00 

1 

100-00 


Butter is produced by agitating or “churning” milk, or, more 
generally, cream, until the fat globules coalesce. The resulting semi- 
solid mass which separates from the butter-mi Ik, consists largely of 
completely continuous fat, a few of the original globules, however, re¬ 
maining. Under the microscope, many spherical globules are visible, 
which, according to recent observations, consist of minute drops of 
enclosed butter-milk or water and not of fat. 

The effect of churning is purely mechanical; the fat globules are, 
by violent motion, knocked together and adhere, thus giving rise to 
larger irregular masses, which, in turn, collide together or with other 
fat globules. In this way the masses of fat gradually increase in size, 
portions of the aqueous liquid becoming enclosed during their forma¬ 
tion. At first, the increase in size of the fat particles and their 
irregular shape give rise to increased viscosity (this phenomenon is 
sometimes known as “going to sleep”); but as the particles grow larger 
they tend to separate more completely from the butter-milk and float, 
the contents of the churn becoming mobile. The butter grains are then, 
by working, pressed together, and more and more of the butter-milk is 
separated from the fat. In order that the amount of liquid retained by 
the butter may be small, it is necessary that the temperature should be 
carefully adjusted. The optimum temperature, however, depends 
partly upon the temperature at which the cream has been for some 
time prior to the churning and the rapidity with which it has been 
raised or lowered. Richmond gives the following as most suitable 

Beoenfcly separated cream (quick churning) . . . S^ C. 

„ „ (slow churning) . . .IS® C. 

Sour cream (in summer) ...... 18® C. 

„ „ (in winter).G. 

^ In the author’s experience, separated milk generally contains inucli less fat 
than this. With good management, probably not more than 01 per cent of fat 
should be left in the separated milk. 
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Fleischmann recomoionds 18" for Bweet ci'eani, K)" for Hour cr(‘auu 

If chunied at too high or too low a temperature, the huttcu* coutaius 
a higher proportion of water. According, however, to Arruu'ic'.iui (‘x- 
perirnents, theoptiniuni temperature for churning vfU'iciS witfi tlu^ 
of cows and also with their food, l)eing higher whcui cotton H(‘j;d or 
cotton-seed meal is used. It s(;ems to l)e genemlly admithMl that 
“ ripened,” hri., sour, cream, gives a higher yield of l)utter and churns 
more readily than sweet crt^am. 

Opinions greatly dilTer as to the r(dative (|uality of huthu* fi’orn 
sweet and from ripfiued crt^ani, hut it is generally agnuHl that the, h(,st 
flavour and aroma in l)utt(‘r can only Ix* ohtaimd from tlu^ use, of 
properly ri])ened cixuun (/vV/c i.nfr(t), though disagrf^tuible, flavoiu's ar(^ 
also liable to he produced owing to the products of und(;siraJ)h‘ micro¬ 
organisms. Moreovei-, if tlui cr(*am hct very sour, and especially if it 
he sour before removal from the milk, tlui rf‘.sulting huttcu* will proh- 
ai)ly contain a large* amount of cas(dn, and, on this account, will mon? 
read i ly 1 xicoine rancid. 

Salt is usually adde,d to butter, hotli as a condinumt and also to 
check decomposition. Th(^ amount us<h1 vari(^s gretally, from a nu‘r<i 
trace up to 7 pfu* ctuii Ixlng found. 

It is diflicult to give any av(n*ag(‘. com|)ositiou of such a variahh* 
product; usually it varies het\ve,en the following limits 


Fat ..7H-ut()Ul*0 

Water. fro „ HJ'U 

Casoht.0*5 „ U'O 

Ash.O'l „ 4'C) 

Sugar.0*2 „ 0*7 


The butter from ripened enjam is usually riche,r in caHidn and 
water than that from fremh cream. It is gtinerally stated that salt 
butter contains a higher profiortion of wat<‘.r than fresh, hut ae.cording 
to Richmond this is not so; although salt butter appears to l>e, wed,ter 
and, on hfting cut, allows brine to flow out, thus giving it a wet afipear- 
anc(*, the amount of wate,r is said by Richmond to ht^ less, on the 
av(‘rage, than in unsalted 

“ Pickled ” butter, liowevmy made by warming butter and kneading 
it with hrirH‘, may contain a veu*y high percamtage of water. Hixte.cm 
per cent of water is usually tak(jn as the iijipfjr limit in good butter, 
though tliis may lx; c;x(5eeded by Irish “pickled ” i)utte.r. 

The following table gives th<; average resultH of iht; analyHr;H of 
various kinds of butter by Yieth 



Fat. 

Water. 

< Jtinl. 

= Halt. 

1 

English . 

, m-m 

11*54 

0-f,l) 

.1 *02 

Enmeii, frenli. 

. 84-77 

lH-75 

1-:)H 

^ 0*00 

„ salt . 

. ■ m-m \ 

12*05 1 

! i-m 

„ 2*01 

Gimnan 

. 85*24 i 

12*24 1 

1 1-I7 

1 1*25 

Danbh . 

. 1 8H-41 i 

12*42 

! 1-3W 

i 1*87 

Sweeiish. 

. ' 8‘2-8f» 1 

IB'75 

! 1 •:«) 

1 

' 2*02 
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Butter is sometimes— e.r/., in certain districts in Ireland and Scot¬ 
land—made by churning whole milk. In all cases the milk is allowed 
to go sour first, and the character of the butter produced is very vari¬ 
able. The yield of butter is said, on the average, to be higher than 
that from sour cream by the old setting method, but less than that 
from sour separated cream. 

Milk blended butter ” is the name given to a product obtained by 
kneading butter in milk and usually contains an excessive quantity of 
water and too much casein to keep well. It is illegal to sell butter 
containing more than 16 per cent of water. 

In America, rancid butter is sometimes converted into a product 
known as “ renovated,” “process,” “ boiled,” “aerated,” or “steril¬ 
ised ” butter, l)y melting it and separating the fat from the water, salt 
and casein. The clean fat is next heated and air is blown through it 
in order to remove the unpleasant smell; the fluid fat is then churned 
into an emulsion with fresh milk, quickly cooled by ice, and the gran¬ 
ular mass worked, salted and made up as butter. 

Oleo-margarme, margarine, or butterine, a butter substitute, is made 
by churning “oleo oil” with lard (sometimes a little butter and oc¬ 
casionally cotton-seed oil or arachis oil) and milk in a warm condition, 
until the whole is emulsified. The mass is then quickly cooled, salted, 
coloured with annatto and made up like butter. The oleo oil is pre¬ 
pared from clarified beef fat, by melting it and slowly cooling it to 
about 30", when it separates into solid stearin and liquid olein and 
palrnitin. The stearin is then removed by a press and the mixture of 
olein and palrnitin thus obtained. Two types of margarine are now 
made:— 

1. Those in which ‘the basis is “ oleo oil ” from beef fat, as 
described above. 

2. Those made entirely from vegetable oils—cocoa-nut, cotton- 
Beed, arachis, etc., with or without the help of. “ hardening ” (na., 
hydrogenation—or conversion of unsaturated into saturated fatty 
acids by union with hydrogen gas under the influence of a catalyst). 
The first type contains vitamines, or “ growth accessory substances,” 
and such margarines are nutritively equal to butter. The second 
type contain little or no vitamines and are therefore inadequate sub¬ 
stitutes for butter. ^ 

Margarine, like ** renovated ” butter, when heated in a test tube or 
dish over a flame, bumps and splutters violently, while pure butter 
evolves its water as steam, or “ boils” quietly, but with much frothing 
or foaming. The most reliable te8% however, by which to distinguish 
genmne, butter from its substitutes, is a determination of the volatile 
fatty acids present. 

1b utter-milk resembles skim-milk in composition, but has a 
peculiar flavour of its own and is generally acid. Its fat content 
varies considerably and is usually less with ripened than with fresli 
•cream. The fat also varies according to the efficiency with which 
churning has been performed. 

^Saliharfeon and Drummond, IfhysioL, 1917, 2S5; 31,0.8., 1917, Abst. L n7.’k 
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Its composition will probably be between the limits— 

Per cent. 

Water . . . . . . . . . 89*0 to 91*0 

Fat.0*3 „ 3*5 

Sugar . . , .• . . . . . 4*0 „ 5*0 

Proteids.3*3 ,, 4*0 

Ash.0*7 „ 0*8 

The losses of fat in butter-making occur in the skimmed milk, in 
the butter-milk, and in mechanical loss of butter. In American 
stations, the loss varied from 7 to 25 per cent. When the separator 
was not used, the loss was greatest with Ayrshire and Holstein cows 
and least with Guernseys and Jerseys. 

Cheese is formed from milk by coagulating the casein, which en¬ 
tangles and carries down with it the greater portion of the fat, while 
the sugar, albumin and a portion of the casein remain in the whey. 

The coagulation of the casein may be brought about, as already 
described, either by acids or, more usually and with a better product, 
by rennet. The curd, after separation from the whey, is pressed and 
allowed to ripen,” a process somewhat obscure, but probably de¬ 
pendent upon micro-organisms. 

The composition of both curd and whey will naturally vary with 
that of the milk from which they are formed, whether this be whole 
milk, skim-milk, or milk enriched by the addition of cream. 

The curd and whey from whole milk have the following average 
composition:— 



Curd, per cent. 

Whey, per cent. 

Water. 

50-0 

92*94 

Fat 

26-7 

0*35 

Sugar. 

2*3 

5-10 

Casein 

20*0 

0-46 

Albumin 

trace 

0.46 

Ash 

1*0 

0-69 


100*0 

100*00 


The character of the curd produced depends largely upon the tem¬ 
perature at which the rennet is introduced; also upon the acidity of 
the milk. 

As already stated, rennet acts most rapidly at about 37° (or 40° 
according to Fleischmann), and if the milk be about this temperature, 
the curd is firm and hard, while milk at low temperatures, or at about 
50°, yields soft curd. The more acid the milk, the more rapid is the 
action of rennet. 

In some cases cheese is made without rennet, by simply allowing 
the milk or cream to turn sour and thus bring about the coagulation 
of the casein. This method is chiefly used for the preparation of cream 

cheese. 

Soft cheeses are made by coagulating with rennet at a low tempera¬ 
ture (about 25° to 30°). They always contain a considerable quantity 
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of watiir. Brio, CJamoiTibert and Neiifcha,tel are types of 
class. 

lliU'd clieese.H arc formed when the coagulation takes place; at about 

bry. 

Tlio quality of a ch(3ese largely cleponds upon th (3 amount of fat in 
it. Some hard cheeses are madf; from anrichad milk, v'.c., niilk to 
which additional cream has he^en added. Btilton cheese is an exani|)le. 

From ivliole milk, Cheddar, Cheshire and Wensleydale, Cruyero, 
Edam and Gorgon>iola cheeses are made. 

From fnii'liireH of whola milk and skhnmed milk, Cloucesteu’, 
litiicestfU’, and (sornetimcis) Cheddar, iilso Parmesan and (often) l^ldam 
cheeses are deriveid. 

From Hklmmcd milk, vai-ious poor chf;eses, e.(j., T jimhurg and Dan¬ 
ish, are ])roduced, but are of little value or importance. 

.Ho(|uef()rt chees(i is made froiri sheep’s milk, as are several othf*r 
varieties.^ 

The general practice in making a cheese is to hasten the ripening 
of the milk by the addition of a “ starter,” consisting of sour milk con- 
taitiing large numbers of the lactic bacterium, or a pure culture of the 
lactic ferment. When lactic fermentation has proceeded far enough, 
is,, when the proportion of lactic acid in the milk reaches aofU'tain 
amount (determined most safely by titration with standard soda solu¬ 
tion, and often about 0*2 per cent lactic acid) it is ready for curdling. 
By trial with a small quantity of the milk at about 30", tlie amount of 
rennet requircjd to cause coagulation in the desired time is then (hdeu*- 
rnined, and this quantity is then added to the main mass. If th«3 
checiSf; be wanted to cure rapidly, the r(;rme,t should cause coagulaiioji 
in about 20 minutes; if a slow curing he desired, in about 40 mimiti‘S. 
When th(j curd is solid, the temperature is raised to about 37 and 
kept constant until a hot iron, place.d in contact with the curd and 
drawn away, pulls olT threads about half an inch in length. This usu¬ 
ally occurs in about one or two hours after the milk is heatcid to 37 ". 

The whey is then run olt and thc3 curd stirreui and turned, to allow 
the wh(;y to escape;. The curd is next reduced in a mill, salted and 
pressed in moulds. The chacBes are then stored away at a tempera¬ 
ture of 15'' to 18" and allowed to ripen." 

The; changes which occur during ripening are little understood, 
although recently an enormous number of researcheB have been made 
on the subject* Considerable loss of water occurs, the milk sugar of 
the whey left awihering to the curd is converted into lactic acid, but 
the most obscure changes are those which affect the proteicl matter* 
The original casein is converted into other more digestible and 
palatable nitrogenous bodies, consisting probably of peptones ami 
albumoses. Exactly how these changes are brought about is still 
a matter* of uncertainty. 

Freudenreich ^ asserts that the lactic bacteria are able to decom- 

1 Bartori, Jour. Ohem. Boo., 18^)1, Abstracts, 951. 

ffor a detailed account of Oheddar cheese-making, see a Report by Lloyd, 
published by the Board of Agrteulture, 

^■Landw, Jahr. der Bchweiss, 1807; alio 1808, 279* 
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pose casein, and thinks that these organisms play the most irnporkuit 
part in the ripening of cheese. This view has been Bupportcul by thej 
investigations of Lloyd ^ and CJarnpbell.*-^ On the other hand, Ihd)cock 
and Eussell announced, in 1897, the discovery of a proteolytic enzyme 
or unorganised ferment, to which they have given the name, (jalucUM^ 
and to which they ascribe the chief share in the ripening of cheese. 
This enzyme is present in the milk of all animals, possesses thc^ ])OW(‘.r 
of peptonising casein, and in many respects resfjmhles trypsin, tins 
tmzyrne of the pancreatic juice, it is more active in alkaline tlnui in 
acid solutions. By its action on casein, there are foriruid alhiimoscis, 
|)eptones, amides, and ammonia.*^ Freudfuireich has repeatful and 
confirmed Babcock and RuHselTs experiments.'^ He finds that formalin 
or a temperature of 75'' weakens the action of galactase. 

Duclaux, as long ago as 1880,'* ascril)ed the ri])eningof che.(^s(^ to 
changes in the casein produced by enzymes, hut the, latter wens thought 
by him to be produced by the lif(*,-proc(*,sses of micro-or’ganisrnH. It 
seems probable that this view is also true so far as some of the*, changes 
in che^ese are concerned. 

The following are analyses of several varietiem of chcjese (pioted by 


Wiley •*:— 

(iheddar . , . . 

W' at<!r, 
p(!r v.fut. 

Jj4'4 

(Jasi'in, 
per c<!nt, 

26-1 

82*7 

Suj^ar, Ash, 

jK'r prrcciil. 

2’0 8*6 

Bhesiiirc .... 

82*6 

82-5 

2fJ*0 

4'5 ’ 4*8 

HtiltOtt . . , . ! 

80*1 

2H*y 

85*1 

1 V(l 8*8 : 

1 Brie . . . » : 

M)'4 ^ 

17*2 

25*1 

i J-0 ! 5*4 

Ncufcliftkd .... 

44'6 

14*6 

88*7 

1 4*2 8*0 1 

Roquefort .... 

SB2 : 

27*6 

1 88 2 

: 2*0 ; 6 0 i 

Edam .... 

HfyH i 

24-1 

i 80*8 

i 4*6 4*0 i 

: Swiss . ... 

m-s j 

24*4 

i 87*4 

1 — ; 2A i 

; (5 ream 

Hi*0 1 

26*4 

80-2 

: 1 

2*0 4*0 : 


The above,* analyses are of the types usually made, but are not 
satisfactory, inasmuch as tluiv do not aifTetrentiattj hetwcHm the various 
nitrogenous compounds present, some of which an? almost valueless as 
food. 'Recently, attempts have been made to get niorcj dcjtailed rrmultsJ 
Ah an example, Btutzer gives the results of his investigation of the 
nitrogtmous constituents of (.Jamernbert and of Swiss oheescB as fol¬ 
lows ; the total nitrogen in each was distributed thus (see next page)* 
In the Carnemhert, the ripening process had proceeded very far, 
while the Hwiss cheese was comparatively fresh. 

liipenad cheese often yiedds more matter soluble in ether than cheese 
in the unripened state and has given rise to the view that fat is 

* Board of Agriculkim, Report on Cheddar chfamc-making, ISfhh 
*^Trana. High, and Agrie. Boc. Scotland, ISOS. 

^B/our. Chem. Soo., 1000, Abstracts, i\, 712. ^IbuL 

18S2, Abstmets, 4S0. * Agricultural Analyses, VoL HI, S24. 

7 Bfcufczer, Jour. Ohem. Boo., 1806, Abstracts, ii. 088. 

24 
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Cameimbert, 
per cent. 

Swiss, 
per cent. 

Nitrogen as ammonia .... 

lS-0 

3*7 

,, „ amides. 

38 5 

9*0 

,, ,, albumoscis, peptones 

80 5 

H (i 

,, ,, indigestible .... 

40 

2-4 

,, ,, as casein, albumin 

i . .. i 

14-0 

70 *3 


produced from protein during ripening. Nierenstein ^ has shown that 
in ripened Cheddar cheese, cholesterol, cadaverine and amino-valeric 
acid are formed (from proteins) which are soluble in ether, and after 
making allowance for these, there is no evidence of fat-formation from 
protein during ripening. 

In America cheese is graded according to the proportion of fat it 
contains. Thus “full cream” cheese must contain not less than 32 
per cent of milk fat, “ three-fourths cream ” cheese at least 24 per 
cent, “half cream” cheese a minimum of 16 per cent, and “one- 
fourth cream ” cheese at least 8 per cent of fat. All samples contain¬ 
ing less than B per cent of milk fat must be described as “ skimmed 
milk ” cheese. 

In some cases, the proportion of fat is increased by the addition 
of foreign fat, lard. Such cheese is known technically as “ fill€ 3 d 
.cheese 

Pasteurised or sterilised milk cannot be used in cheese-making. 

Condensed Milk. —This is milk which has been concentrated by 
evaporation in a paiiilal vacuum (so as to perform the operation at a 
low temperature) and to which sugar, either cane sugar or sometimes 
glucose, has been added. The extent of the concentration is usually 
to about one-fourth the original bulk. Sometimes no sugar is em¬ 
ployed, but generally about one pound is added to each gallon of milk. 

Whole milk and separated milk are both employed in the manu¬ 
facture of condensed milk. 

The composition of various forms is usually about— 



Water, I 

per cent. 

Fat, 

per cent. 

Milk 
sugar, 
per cent. 

Cane 
sugar, 
per cent. 

Pwrteidg, 
per cent. 

Aik, 
pr ciiii 

Sweetened, from 
whole milk. 

25 ; 

11 

14 

87 

10 ^ 

2 

Sweetened, from 
_ skim-milk .. 

29 

1 

1 

15'5 

40 

a : 

2-5 

Unsweetened, from 
whole milk. 

62 

11 

14 

— 

! i 

10 

! : 

2 


The sweetened product keeps better, especially after th (3 henncdJcally 
sealed tins, in which the product is sent out, have been opened. 


I Free. Boy. Boo,, 1911, B. 88, SOI; Jonz Oliem. Soc., 1911, Alwtraets, if. BM, 
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The directions on these tins generally recommend the contents to 
be mixed with from five to seven volumes of water. The resulting 
mixture is obviously much poorer in fat and proteids than genuine 
milk. 

The degree of concentration and the fat content vary greatly in the 
different commercial brands. 

Milk Powder is made by evaporating milk in thin layers under re¬ 
duced pressure, and scraping off the resulting film. The fat in the resi¬ 
due renders the production of iipowder difficult, because of its viscosity, 
and in much of the yellowish-white commtircial product, the ainount of 
fat present is less in proportion to thci other cotistituents than would 
be present in the residue obtained from whole milk. The powdcn* 
shaken up with watm- yields a fairly good substitute for fresh milk. 

Koumiss is an alcoholic beverage produced from milk by fernumta- 
tioii. As already stated, lactose does not readily undergo alcoholic for- 
mentation. The sugar of mares' milk, however, readily hirments, and an 
alcoholic liquid can he pre])ared by tlui addition of a litth^ koumiss, or 
even sour milk, to mares’ milk. Such Ixa'fU’ageB liave })e(Ui long known 
in Tartary. 

]\y the addition of a small quantity of canci sugar and yea-st to 
cows’ milk, a similar h(werag<*. can he ]>repar(‘.d. 

The casein at first coagulatf^s, but afterwards partly redissol vcjh, and 
(loeis not appear to be so lial)le to coagulation under the infhumcai of 
gastric juice as is that of fresh milk. Koumiss is thus very ciasily 
digested and acts both as a stimulant and as a food; it is thercfforcj tised 
for invalids. Gini^berg * finds that th«i lactic and alcoholic fermen¬ 
tation proceed concurrently, and that the casedn is partially hydrolysed 
and robbed of its mineral constituents. 

The following analyses of koumiss are given by Wiley 



Water, 

Sugar, 

! 

j AUjohol, 

Fat, 


Carl Kill 
dioxide, 
per cunt. 

A.d.tity, 


per c<;nt. 

pur <;ant. 

i p<ir corit. 

1 

i 

pur uunt. 

plT tuuit. 

per (^ciit. 

1 From cowh’ milk 

Hirn-i 

4'SB 

i 

i 0-7l> 

2*08 

2-56 

o*h;i 

0 47 

,, raaren’ „ 

91*87 

OH) 

1 

j 

1*19 

1*91 


1-04 


The acidity is expressed in terms of lactic acid. The proteids ai*fj 
partly casein, but also contain alburnostm. The carbon dioxide gives 
an effervescent character to the bottled koumiss. 


Kephir is a similar product made in the Cjaiicasus from cows’ 
milk. The **kephir” grains which aroused to start the fermenta¬ 
tion are evidently impregnated with micro-organisms and are plac^ed in 
the milk until fcunnentation coinmences. After this they aredrii.ed and 
kept for future use. Their origin appears to be unknown. Many 
organisms have been found in kephir grains, including hacfcfuia and 

1 i^iochmii. Zeiliieli , 1910, 1 ; Jour, Chem. Bcjc., 1911, AbKtraetH, II. 14CI 
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yeasts. It has been stated that the kephir contains an enzyme— la,' 
—which has the power of hydrolysing milk sugar, thereby proclii#’ 
glucose and galactose, and that yeast then attacks the former 
ordinary alcoholic fermentation. Kephir can be prepared from ^ 
milk by the simultaneous action of beer yeast and Bacillus hilgart^ 
The reactions resemble those of the preparation of koumiss biif 
not proceed so far (Ginzberg, 1,g.). 

Kephir resembles koumiss in composition, but contains less alei ^ 
and albumoses and more casein. 

Milk Preservation.—Milk is peculiarly liable to undergo cliM • 
under the influence of micro-organisms, for the growth of whid 
serves as an excellent medium. In the udder, milk is normali\ ^ 
from micro-organisms, but, unless special precautions are taken, \vi ? 
a very short time after milking it absolutely teems with them. 

In many cases examined, milk, within a few minutes of milk « 
has been found to contain thousands of organisms per cubic er 
metre. The organisms, or their spores, are derived from the air, 
hands of the milker, the hair or teats of the cow, and particularly f r 
the vessels in which the milk is received. 

The rate at which the bacteria multiply is largely dependent li | 
the temperature. It was found that after fifteen hours at 15", is 
contained 100,000 bacteria per cubic centimetre, while the hi* 
milk kept fifteen hours at 25° contained 72,000,000 per cubic cr 
metre, and at 35°, 165,000,000 per cubic centimetre.^ 

The importance of quickly cooling milk is thus evident, hi^ 
usually it is desirable to hinder as much as possible the grovvtli 
bacteria. The micro-organisms which find their way into milk 
of various types; in most cases, perhaps, the majority are sucb 
convert milk sugar into lactic acid, while organisms of almoHf. 
kinds may be found, many objectionable and some highly danger* 
The first evident eflect of the growth of organisms is usually 
souring and curdling of the milk. 

It is obvious, therefore, that if the milk is to be kept for * 
length of time some means of preventing the growth of these 
isms must be taken. Two chief methods suggest themselves: (11 
prevent the entrance of the germs, or (2) to use some means wli 
will either kill them or prevent their growth. 

The first method is almost impracticable on the large scale^ 
the second is often adopted. This is either by ‘^sterilisation"" 
‘‘ Pasteurisation 'h 

In the former process the milk is heated to a sufiSiciently li 
temperature (about 115° G.) to destroy all germs. This is uhii^ 
effected in steam under pressure. The milk is then kept exciin 
from the air, or air which has filtered through a thick layer of C0l 
wool may be admitted. Milk so prepared will not sour and mt% 
kept indefinitely. Unfortunately certain undesirable changes are "i 
duced in the milk by this treatment. The taste and smell are 
a portion of the calcium citrate and the albumin are precipitated, 

iMiquel, Oentral-B. fur Agricult. Chem., 1890, 575. 
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the oasein (probably by the precipitation of the calcium compounds) 
becomes much less coagulable by rennet. Moreover, tlie rniik becomes 
brown, and the eniiyme, originally present in the milk, which has the 
power of giving a blue coloration with hydrogen peroxide and paiii- 
phenylene diamine, G,;Ii,(NH^)^, is destroyed. The fat rises much 
less readily, and the cream layer, though very thin, is richer in fat 
than ordinai'y cream, containing often over 40 per cent instead of 20 
to 30 per cent as in the case of fresh cream. 

In Pasteurising, a lower temperature—about ()()'' or 80'—is em-* 
ployed, and tlui milk is subjected to this two or three times, with 
intermediate cooling. The taste and properties of the milk are not 
so much altered by this treatment, l)ut the albumin is changed, so 
that practically all of it is precipitated along with tlu*. casein on tlui 
addition of salts, e.tj,, magnesium sulphate. The castun when pre¬ 
cipitated from sterilised or Pasteurised milk is much rnorti finely 
divided than that from fresh milk. It is tluind'ore ])robal)ly more 
easily digesteid, esp(‘cially by young childnm. 

The tendency to rickets in young childreti, which is said to be in¬ 
duced by fe(3ding them upon cows’ milk, catniot be*, du(3 to deficiency 
of lime, since cows’ milk contains hc3tw(‘,en six and se^ven timcis as much 
of that substance as is prcisent in human milk. The, same*, is true of 
phosphorus pentoxide*,. By I^isteurisation or Htc‘rilisation, the linu*, 
is partially precipitated and the writer found that the ratio of linui to 
100 parts of P/)r, was— 


In fresh milk.02-5 

„ PasteuriHod milk.77*2 

„ sterilised milk . 

Idealcsonderised milk.81*0 

,, Nestlli’s „ „ ..ICXbO 


and has suggested that it is this ratio that is important as affecting 
bone formation and nutrition.^ 

The chief difference between human milk and cows’ milk is in tlie 
character of the curd which is produced by rennet or the gastric juice 
of young children ; the former yields a finely divided mass, while the 
latter gives a closely adherent, heavy clot, probably much lass easily 
digested. This difference is ascribed, not to a diffcu-ence in the casein 
or even in its amount, but to the different amoimtsof calcium present, 
Hnman milk contains about ()'03 per otmi GaO, while in cows* rtiilk 
thei'e is about 0*16 per ccjtit ( ‘aO. It has be*en shown that the coagu¬ 
lation of ciiBCiin by rtuuiet is dependent upon the prfjsence of calcium 
compoundB and that in thc*ir abwuice no coagulation occurs.^ Hence 
it has been proposed to render cows’ milk more like human milk, and 
therefoi'e more Huital)Ic3 for feeding infants, by the removal of a portion 
of the lime (‘HiuinaniHed milk This, it is said, can he done by 
adding about O'f) per ce,nt of sodium citrate, 'rhe addition of lime 
water, it may 1 ) 1 ? noted, though it delays curdling by iBaHori of its 
alkalinity, would, not improve the chamctcu* of the <3urd when it is 
formed. Anothesr sornirwhiit curious fact is that cows’ milk contains 
more lime than an equal voltune of lime water (widcdi coritairiH about 

PToiir. Roy. Inst* Public Health, IIWXI, *-* Arthim and .FagciH, 1800. 
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0-13 per cent), so that the idea that the replacement of a portion of the 
milk by lime water aids in supplying materials for the formation of 
bone is founded on a misconception. 

Other Methods of Preserving Milk.—As already stated, it is 
possible to prevent the growth of micro-organisms in milk by the 
addition of antiseptics, and this is often practised, especially in hot 
weather, when their growth is apt to be very rapid. The chief anti¬ 
septics employed in preserving milk, butter and cream are— 

Boric acid or borax, or Na^B^O^.lOH^O. 

Salicylic acid, C(.H 4 (OH)COOH. 

Formaldehyde, H^CO, generally as “Formalin 

The use of preservatives of any kind is probably not a wholeHome 
practice, for though the growth of most of the micro-organisms is 
prevented, all change is not stopped. Moreover there is considerable 
probability that, with children particularly, the use of preservatives 
is attended with danger to digestion. Many of the substances used 
as preservatives have been shown ^ to have an injurious action upon 
digestive en^iymes. 

Sodium carbonate or bicarbonate is sometimes added to milk as a 
preservative. In reality it does not thus act, but merely prevents the 
lactic acid, formed by fermentation, from coagulating the casein, and 
by neutralising the acid as fast as it is formed, probably aids thf^ change 
of the sugar into lactic acid. 

Milk as a Medium for the Spread of Disease.—Milk is peculi¬ 
arly well fitted as a nutrient for the growth of micro-organisms. As 
has already been stated, the number of organisms present in ordinary 
samples is enormous. Fortunately, the majority of these bacteria 
are harmless so far as their effect upon health is concerned, but un¬ 
fortunately milk very readily acts as a conveyer of pathogenic 
organisms. 

Diphtheria, scarlet fever, typhoid and especially tuberculosis*'^ 
have been in many instances communicated by milk. Careful Fas- 
teurisation of all milk is greatly to be desired, and already dairies are 
being started in various parts of England in which the milk is sub- 
mitt^ to a modified Pasteurisation. The milk is heated in bulk to 
a temperature of 60'" to 65” and maintained at this temperature for 
twenty minutes, then quickly cooled and sent out to the consumer, 
best in closed glass botfles. Bussell has shown that the tuljerculosis 
bacillus may be destroyed by heating to 60” for twenty minutes, pro¬ 
vided the milk is heated under such conditions (with constant agita¬ 
tion and in a closed vessel) as to prevent a pellicle forming on the 
surface.^ The advantages of using a low temperature in Pasteurising 
have already been indicated. Milk Pasteurised at 60"" cannot be 
distinguished by taste from untreated milk, and though the rise of 

MjefTrnann, Jour. FraukJiu Instit., 1899, 97. 

® It has been asserted that bovine tuberculosis, is probably not eoriiinunicable 
to man ; but, though the opinion was that of the great authority, Kooh, It is nr^t 
yet generally accepted. 

^ Vide The Times, Peb. 25tb, 1901. 
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the cream is rendered slower, the soluble alhiiniiii of the milk ia 
hardly diminished. 

By one treatment of this kind the milk is not completely sterilised, 
but the pathogenic organisms are probably entirely destroyed and 
the keeping qualities of the milk greatly improved. 










CHAPTEB XVI. 


The Analysis of Milk and Milk Products. 

PoR a detailed account of the methods employed in 
complete analysis of these substances the reader must 
manual on analysis. Only a few of the more important 
tions in the analysis of milk, butter and cheese will be dene? • 

MILK.—FoT many purposes an examination of milk * 
the estimation of the percentages of total solids and 
absence or presence of preservatives is sufficient. 

The Amount of Fat, as already stated, is subject * 
variation than that of the other constituents, and, from 
standpoint, is usually considered the most --mportant critei’ 
value of a sample. 

Of many methods which have been described, the fol* 
among the most reliable and best known :— 

1. Adams’s paper-coil method. —In this process, 5 c.c. «» 
are allowed to run from a pipette upon a strip of filter pii 
which all matter soluble in ether has previously been remo^i 
22 in. long by 2 in, wide. The paper is then dried It, 
it near a fire, care being taken not to scorch it. It is I! 
into a coil round a short piece of wide glass tubing sealed i- 
‘end (containing a little mercury so that it may not float 
and introduced into a Soxhlet extractor, in which it is i 
treated with ether, the ether with the dissolved fat being reii 
wide-mouthed small flask, previously weighed (Fig. 14). A 
or ten siphonings the flask is removed from the extractor, 
distilled off into another condenser, the flask heated in the m 
for an hour or so, cooled and weighed. The increase in 
the flask is taken as fat. The percentage is then calculate! i, 
that the weight in grammes of milk taken = 5 x specific ^ i 

In this, as in all operations in which ether is employed, | 
should be taken to avoid ignition of the heavy ether vapt 
most convenient condenser to use with the Soxhlet extriif** 
form consisting' of two concentric metal spheres, the innifi 
cool by a stream of cold water and the vapour passed into t f 
space between the spheres. This method of estimating fai 
the most accurate, especially if drp ether be used. 

^This device greatly hastens th.e extraction, by diminishing thii 
ether required to fill the apparatus. 

(376) 
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2. Werner-Schmid method. —This procesB, 
simple apparatus, is especially suited for sour 
milk. 10 c.c. of the milk are placed in a 
large test tube ('‘boiling tube’') or, better, 
a 50 c.c. stoppered graduated test milk 
mixer; 10 c.c. of strong hydrochloric acid 
are added and the mixture shaken and heated 
in a water bath for about ten minutes until 
a brown coloration is produced. The whole 
is then cooled and »30 c.c. of vvatei’-saturated 
ether are added. The vessel is then closed, 
vigorously shakfui so as to dissolve the fat, 
and then allowed to stand until the ether 
separates as a clear layei*. The volume 
of tlu^ ethereal layer is then read of! and 
10 c.c. are withdrawn })y nieians of a 
pipetu?, run into a small wcnghed flask, 
the ether distilled off, The flask drie.d in 
a steam bath, cooled and weighed. The. 
greatest drawback to this method is tint 
formation of a fiocculent, semi-solid lay(‘r 
between the clear etlujreal and aqiujous 
portions in the tcist inixcu’, which r(md(n's 
tlui reading of the volume of the (‘tlnu* 
difficult. 

8 . Rapid eentri/u(j(U vokimetric me- 
ihodn. —Several methods have beem dtivised 
in which a measured quantity of milk is 
treated with acids so as to dissolve the 
casein, etc., heated, and subjcjcted to centri¬ 
fugal force 80 as to bring about the sspara- 
tion of the fat in a fin id state; the volume 
of the fat is then read off and gives directly 
its percentage amount. These methods are 
very rapid, easy to carry out, and sufliciently 
accurate for most purpOHc*s. The best known 
of the modern methcxls are 

{a>) The Lejfmiinn-IkAmi this 

proc(*HH the milk is mixed with a small quan¬ 
tity of a mixture of amyl alcohol, ChJijjOH, 
and hydrochloric acid, whereby the casein is 
coagulated. Strong sulphuric acid is then 
added, in which the casein dissolves, the 
whole liquid becoming hot from the action 
of the sulphuric acid upon the water. The 
amyl alcohol aids in the separation of the fat, 
most probably because it is a common sol vent 
for fat and the acid liquor. The amulsificid 
fat thus speedily geparates and by centri¬ 
fugal action forms a distinct and clear layer 


requiring only very 



B’la. 14.— 

laitfchod, 

A Is a pijMstte which imin 
m a cmidcriHc.r to tin,* itther 
va|K>ur which mnycHcapt* coti,- 
dorisafeioii in F*. 

B in tho metal hall 
dcsimer. 

G i« the Hoxlilot extractor 
eontairiiiig the coil of |wpor 
and the? ghws bulb iw ctort*. 

I) h th-o wciglfcil flwk, in 
ft mcttal wafcctr hath. 


above the acid liquor, which usually takes a dark purplf:! colour. The 
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operation is carried out in small flask-like vessels provided with 
narrow graduated necks, and the separation of the fatty 
layer is effected by a centrifuge driven by toothed gear¬ 
ing. The mode of performing the test may briefly be 
described thus: 15 c.c. of milk are run into the vessel 
from a pipette, 3 c.c. of a mixture of equal volumes of 
amyl alcohol and strong hydrochloric acid are then added 
and the whole shaken. 9 c.c. of sulphuric acid of specific 
gravity 1-835 at 15° C. are then run slowly into the 
vessel with frequent mixing; the mixing is best done by 
rotating the flask in the hand, care being taken to avoid 
loss of the contents and also the accumulation of the * 
/ heavy acid at the bottom of the vessel. In the latter 

if m excessive darkening or even charring of a portion 

ILm.\\\\&k of the milk may occur and the test is spoiled. The 
whole liquid should become nearly transparent, though 
dark purplish in colour. The little flask is then filled 
with a hot mixture of equal volumes of strong sulphuric 
acid and water. It is then whirled for two or three 
minutes in the centrifuge, the handle being turned at the 
rate of about 80 to 100 revolutions per minute. The 
Fig. 15.—Leff- of the fat layer is then read off and gives, with- 

manu Beam out calculation, the percentage of fat in the milk. In 
flask. One- reading off the fat, it will be.found convenient to use a 
half natural ordinary dividers, the legs of which are so adjusted 

that one is at the lowest part of the meniscus of the 
upper surface of the fat, while the other is at the point where the fatty 
layer touches the acid. The dividers are then so placed that one leg 
is at the zero of the scale, when the position of the other one on the 
scale will give, at once, the percentage of fat present. In America, 
and in some dairies in England, the Babcock centrifugal method, of 
which the Leffmann-Beam process is a modification, is largely used. 

(b) The Gerber method ,—This method, which is very popular, is 
similar in principle to the last mentioned. The essential differences 
are in the apparatus used. Instead of open flash-like vessels, corked 
tubes are used and the centrifuge is of simpler constructiou, being 
driven either by a string or strap, and running freely on ball-bearings, 
or by a steam, electric, or water motor. The materials employed «are 
11 c.c. of the milk, 1 c.c. of amyl alcohol and 10 c.c. of sulphuric 
aci^ of specific gravity 1*825 at 15° C. The process is conducted in 
•much the same way as with the Leffmann-Beam apparatus; it is 
generally necessary to keep the tubes warm by external heat, ^rhis 
can conveniently be done by means of a Bunsen burner or spirit lamp 
placed under the centrifuge itself during rotation. A hot-water hath, 
often recommended, is not so good, because of its tendency to loosen 
the rubber stoppers; if they come out, the contents of the tube escape 
and the determination is spoiled. A white solid often separates out 
during the whirling of the tube and is found afterwards adhering to 
the cork and bottom of the tube. A quantity of this white ])o\vdcr 
was collected by the author in the autumn of 1901, washed thoroughly. 
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dried and examined; it was found to he calcium sulphates Its foi'nia- 
tion furnishes a somewhat strikingproof of the large amount of calcium 
compounds present in cow’s milk. 

These rapid centrifugal methods have repeatedly been 
compared with the gravimetric processes for fat deter¬ 
minations, and the results have always proved to he in 
close agreement, the error being rarely moi'e than Ovl per 
cent. 

Determination of Total Solids.- The principle of 
all the methods is simply to ex})C‘l water, by heat, from a 
known amount of milk and determine the wT.ight of the 
residue. Direct evaporation of milk in a dish is slow and 
difficult, owing to the formation of a skin, consisting 
mainly of proteids, upon the surface ; this skiri or pel¬ 
licle is tough and impervious and interferes with the 
evaporation of the liquid IkjIow it. Many methods for 
avoiding the formation of the pellichi have h(*en devised. 

One of the best is the following: 

A platinum dish cotitaining about 10 grammes of 
recently ignit(?d sand and a short pieces of glass rod is 
weighed; 10 c.c. of milk are then run into it from a 
pipette. The dish is thfm jdaced on a water bath arid 
the sand and milk stirred re|)eate(ily, at intervals, until 
the mixture is apparently dry. Tw(> hours further htrat- 
ing in a water hath or, bfdter, in an air hath at 105' to 
I Kf is thfui ge.nerally Hufllcumt to drive off all moisture. 

The dish is then cQole<i in a desiccator and weighial. 

Determination of Specific Oravity, -This is iisu- 
ally performed by nit^iumof a modified hydrometer known 
as a “ lactometer,” tlie grtyluations tmually ranging from 
0 to 40, the reading of the* irmtnmient, sornetimes knowti 
as “lactometer degrees,” really giving the amount by*’ * tube, 
which the density of thf? milk eK(?eeclH 1000 when the Onedtalf na- 
density of water is tiikitri m 1000. 'Thus 0 on the lacto- 
meter scale would be thi! point to which the stem sinks in pure water, 
while 40 woiikl be the point to which it sinks in a liquid whose speeifle 
gravity is 1*040 (water I|Dr H)40fw*atf*r ^ 1000), The lactometer, 
though easy and eonvmiient to use, is not capable of great accuracy. 

A speedfic-gravity bottle holding 25 or 50 c.c. atTords much greatiT 
accuracy, though st deterniinatioti ref|iilre» mora tlniff. It will be found 
most cotiveiileiit to determine the vv#?ight of the emj)ty l>oltli:i and of the 
bottle filled with distilled water at a tem|icratyre slightly higher than 
the average* tempe^nitiire of the room and to use thesit valufM always. 
In any piirtictihir cmw% then, only one weighing—that of the bottle 

tllliMl with miik at tin* temperature tisefl before- .is riecoHsary. A 

more rapid and very actutrate friethotl of de^termining the spifciflc gravity 
of milk is by iiieaiisof the Westphal Irilanee”. 

It has Irtmi fourtd that ihii sp#!cifie gravity, total solids and fat of 
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a sample of cows’ milk are related to each other in such a manner 
that it is possible to calculate the value of any one of these three 
quantities if the other two are known. This can be done because an 
increase in the solids-not-fat produces a rise in the specific gravity, 
while the more fat there is present the lower will be the specific 
gravity. Many formulae have been devised to facilitate the calculation. 
One of the most convenient is that of Eichmond :— 

T - 1-2F + 0-25G + 0-14, 

where 

T = percentage of total solids. 

E = percentage of fat. 

G = “ lactometer degrees ” (i.c., sp. gr. x 1000 - 1000). 

The results obtained for total solids from the fat and specific 
gravity by this formula agree closely with actual determinations. 

Determination of Proteids.—The total amount of albuminoids 
in milk can most easily be deduced from the amount of total 
nitrogen. This is conveniently found by the Kjeldahl method de¬ 
scribed on p. 95. Erom 5 to 10 grammes of milk are taken and 20 
or 25 c.c. pure sulphuric acid, the rest of the process being performed 
as already described in the case of soils. By multiplying the total 
nitrogen by 6*38 the total proteids are obtained, since both casein and 
albumin contain 15-7 per cent of nitrogen. 

If separate determinations of the amounts of casein and albumin 
be required, the casein must be precipitated. This can be effected by 
the addition to the milk of twice its volume of saturated magnesium 
sulphate solution and of the powdered salt until saturation is complete. 
The casein can then be filtered oil, washed with saturated magnesium 
sulphate solution, and the nitrogen in it determined by the Kjeldahl 
process. The percentage of nitrogen found, multiplied by 6'38, gives 
the percentage of casein. The albumin can then be found by differ¬ 
ence, for the amount of the other proteid of milk, the globulin, is so 
small that it may be neglected.^ 

Another method of precipitation of casein is the following :— 

Ten grammes of the milk, which must not be curdled, are diluted 
to 100 c.c. with water and raised to 40°. The casein is then precipi¬ 
tated by adding 1*5 c.c. of a 10 per cent solution of acetic acid. The 
whole is well stirred, allowed to stand for a short time, and the pre¬ 
cipitated casein washed three or four times with cold water. The 
nitrogen in the precipitate is then determined as before. 

Determination of Milk Sugar.—This can be done either by the 
well-known Eehling method or by the use of the polarimeter. In 
either case, previous removal of the fat and proteids from the milk is 
necessary. If the Eehling method is to be employed, this can readily 
be done by the method used by van Slyke above described, but in 
addition, boiling the solution and filtering. For polarimetric examina¬ 
tion, an acid solution of mercuric nitrate may be employed to precipi- 

1 Sebelien* Zeifes, fiir Physiol. Ghemie, 13,137 and 160. 

2 Van Slyke, Jour. Amer. Ohem. Soc., 15, 644. 
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tate the proteids.^ It is prepared by dissolving mercury in twice its 
weight of strong nitric acid and diluting the solution with an equal 
volume of water. This diluted solution will serve to clarify fifty 
times its volume of milk. 

Many methods of conducting the determination of lactose are in 
use. For details, a manual on quantitative analysis should be con¬ 
sulted. One method of performing the Fehling test may be briefly 
described here. 

Fehling’s solution is best prepared when required, by mixing equal 
volumes of the following solutions:— 

1 . A solution of 34-64 grammes of pure crystallised copper 
sulphate in 500 c.c. of water. 

2. A solution of 178 grammes of sodium potassium tartrate 
(“Eochelle salt”) and 51 grammes of sodium hydrate in 500 c.c. of 
water. 

The filtrate from the precipitated proteids is so diluted that it 
occupies exactly 10 times the volume of the milk taken. 50 c.c. of 
this filtrate are then taken, heated in a water bath, and mixed with a 
previously boiled mixture of 30 c.c. of the above copper sulphate 
solution, 80 c.c. of the alkaline tartrate solution, and about 120 c.c. of 
water. The mixture is kept on the water bath for 15 minutes and 
filtered through a small filter paper or a Gooch’s crucible. The pre¬ 
cipitated cuprous oxide is thoroughly washed with boiling water, next 
with alcohol, and finally with ether. The precipitate is then dried, 
transferred to a weighed |)orcelain crucible, and strongly ignited with 
free access of air, so as to oxidise it completely to cupric oxide. The 
amount of hydrated milk sugar corresponding to the weight of the 
cupric oxide is then ascertained, best by reference to a table, or 
approximately, by multiplying the weight of the precipitate by 
0-6024. 


Adulteration of Milk.—The commonest adulterant is water. 
Direct proof of the presence, in a sample of milk, of added water is 
very difficult, unless the water happens to contain some substance 
not naturally present in milk, c.f/., nitrates. In such cases the 
detection of nitrates in the milk, say by the reaction with diphenyl- 
amine and sulphuric acid, becomes at once proof of the addition of 
water, though in some cases this may be due to the small quan¬ 
tities employed in rinsing out the milk cans, etc. The usual 
way of estimating the amount of added water is from a deter¬ 
mination of the amount of solids-not-fat. By assuming that this, 
in genuine milk, never falls below 8*5 per cent, the percentage of 
added water is given by the expression— 


100 - 


8 X 100 

8*5 ^ 


in which S = percentage of solids-not-fat. This gives the 
minimum amount of added water. 

Another method of calculating the probable percentage of added 


I Wiley, Amer. Ohem. lour., 6, 289. 
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water is based on the assumed constancy of the sum of the ‘‘ lacto¬ 
meter degrees” (i.e., specific gravity x 1000 - 1000) and the percen¬ 
tage of fat. This sum is generally about 36 and rarely falls below 
34'5. Accepting this latter value as the minimum in genuine milk, 
the percentage of added water is then given by the expression— 


100 - 


100(G + F) 


where G- = “lactometer degrees” and F = percentage of fat. 

Another way in which milk is impoverished is by the removal of a 
portion of the fat, or, what comes to the same thing, the admixture of 
skimmed or separated milk. The amount of fat removed can obviously 
only be calculated if the amount originally present in the milk be 
known. The usual plan is to assume that genuine milk contains 
3 per cent fat, when the percentage of the total fat removed is given 
by— 


100 - 


F X 100 
3 


It is evident, from the above figures, that the calculation of the 
amount of added water or proportion of fat removed from a sample of 
milk is based upon pure assumptions as to the real character of the 
original milk. When the enormous variability shown by genuine milk 
is taken into account, it will be seen how unreliable are the results of 
such calculations. The most that can be said of the results so obtained 
is that they probably express the lower limits of the alleged sophisti¬ 
cation. 


Detection of the Presence of Preservatives. 

1 . Boric acid or horax ,—This is easily detected in the ash of the 
milk (best obtained by igniting the residue left on evaporating the milk 
with lime water) by the well-knowp cherry-red colour which is shown 
by turmeric paper when dipped into a dilute hydrochloric acid solution 
of the ash and dried at 100°. As a confirmatory test the reddened 
paper should be moistened with very dilute caustic soda solution, 
when a blue-black colour will be produced. 

2. Salicylic acid .—About 50 c.c. of the milk are mixed with an 
acid solution of mercuric nitrate and the coagulated proteids and fat 
filtered off. The filtrate is then shaken with ether or (better) a mix¬ 
ture of ether and petroleum spirit, in which the salicylic acid dissolves. 
The ethereal solution is then evaporated and a drop of neutral ferric 
chloride solution added to the residue; a violet coloration then indi¬ 
cates the presence of salicylic acid. 

3. Benzoic add .—The milk is made alkaline with lime water and 
evaporated with calcium sulphate or pumice to dryness on the water 
bath. The residue is then powdered, moistened with dilute sulphuric 
acid, and extracted with dilute alcohol. The alcoholic solution is 
neutralised with lime water and evaporated to small volume; the 
residue is then slightly acidified with dilute sulphuric acid and extracted 
with ether. The ethereal solution is then evaporated, when the 
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benzoic acid is left and can he recognised by the odour of beozcnio 
evolved on heating it with soda-lime. 

4. Formaldehyde in the form of “Formalin/' which in a 40 per 
cent solution in water of the real formaldehyde, 0 = (Jii.j, is very 
efficient preservative. It can be detecteid by lIehner‘'H test, whieli 
consists in diluting the milk with an equal volume of water, plficing 
the mixture in a test tube, and pouring a little sulphuric acid (Hp<u*4fic 
gravity about l'H25), to which a drop of ferric chloridt; or othcu’ oxidising 
agent has been added, down the^ sides of the tuhcg so as to form a Iayc*r 
at the bottom. If formaldcdiyde be pn‘.Hent, a viohd. or blue colour 
occurs at the surface of contact of the two layers. In this rciaction 
Hehner ^ finds that th(^ casein of the, milk takes part; it cannot, there.- 
fore, be obtairu^d with aqu(*ouH solutions of formaldehyde. 

/}. Flv<o‘ideH or FlKdsllirdfeH are also ])()HsesHed of good antiseptic 
propen'ties. Th(‘y can Ih*. detected, if prcistuit, in the, ash of the milk hy 
the usual r(»action for hydrofluoric acid its etching effect on glasH 
wlnni it is liheratfsl by tlie action of strong siilphmdc jicid. 

15UTTER. With samplesof ge.ninrie butUn*, tin? cJiief difTererHiOH 
in chciinical coni]H)Hition are in the proportionsof water, sjilt and (eisein, 
Th(?s(‘aoMbd/ennined by drying a weigfjed <|Uantity in a fiat b(d4«>nHMl 
dish at lOfh until it c«‘aseH to lose weight; tie* loss gives the water 
|m!H(‘nf:. The I'eniiiue is then extractecl repeanully with inhiT, thi* in¬ 
soluble iiiatter drif'd and \veigin‘<i. Tint weight gives tin* ininamt nf 
cas(dn and salt. The resitlue is then treated with hot water, fdter’ed, 
and tin* amount of chlorine t!-t#‘rrrdned by titration with Htiuidaril 
silver nilriid-e, UHsng pof4issiiiin clircHiiati? as indicator, in the in4tiid 
way. 

Tin* most difllcudt part of such arialyticml prooesses is tltc lakiiig of 
a Batisfatjtory Hample ; tin* amount of water preiMfnt usually varies very 
much in elifrercnt parts of tin! mirne rnmn of butter, i*rofiahly tlin heiit 
way is to rnclt a considtumble fpiantity of the butter, at m Icnv it kitin 
|M*ratiire m poHsiblf*, in ii slop|a‘red lK>tth* and nhake it cottliinially until 
it stiffens. 

If the butter is to be teHieil for jaismble adiilfcerittioti witfi otlier 
animal fats, “ cdeoriiargiiritic/' rto., the promlnri! is more compfimteiL 
Ah alreiirly ifxplftiried, butter fill differs from other natural glyiaudditH in 
csontairiing corisidr*ruble «|iiiifititieB of fatty acid radicals of low iiiolit* 
oiilar weiglifc, r.f/., butyric acdfL llutyric acid iwid its niiigliboiiruig 
hoiwilogties lire soluble in and volatile irintoam, whilii die }iigbi*r 
fatty iicids'iire bolli insoliibli* mid non-volati!e. Upon these fimts iiuwl 
of the itieihodH of amity sis are based. ; 

Till* irndJioil adopted (though miiiierous modificatiouH in ileiuil 
have been iiitrciiliicj«t| is imHentiall^ the digtwtbn of a known wtdglit 
(generiilly d gruiriiiies) of hiitter with foccess of daustic soda soliiiJoii, 
whereby glycf»rol iwul wmpH are prcxluced.. The lathfr are then de- 
eoiiiiKwed with ii slight mmm of diliito siilphurb acid, lit tin lilieriit iiig 
the fatty acids. Tin* iiifniil is then distilled until a mnuiiii pftiportioii 

^ 0‘i; Jntir, Ch m* H«a%, ii, fmi 
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of it has passed over, and the acidity of the distillate is then deter¬ 
mined by means of decinormal soda or baryta solution and phenol- 
phthalein. 

Aqueous soda saponifies butter very slowly and is now rarely or 
never used. An alcoholic solution works much more rapidly and the 
alcohol is readily expelled by heat before the soap is decomposed by 
sulphuric acid. A solution of caustic soda in glycerol saponifies the 
butter very quickly, especially as it can be raised to a high temperature, 
and the presence of the glycerol does not interfere with subsequent 
operations. This modification of the original Reichert process, as it 
is called, was introduced by Lelfmann and Beam. The following re¬ 
agents are used:— 

Soda solution .—20 grammes of pure caustic soda are dissolved 
in 20 c.c. of water; 20 c.c. of the clear solution are then mixed with 
180 c.c« of pure glycerol. 

Sulphuric acid.—1 volume of pure acid to 4 volumes of water. 

Barium hydrate .—A decinormal solution. 

The sample is melted and filtered from casein, etc .; 5 grammes 
(about 5*75 c.c.) of the melted fat are then run into a 300 c.c fiask, pre¬ 
viously thoroughly dried and weighed. After cooling, the flask and 
fat are weighed. Twenty c.c. of the glycerol solution of soda are then 
run in* and the flask heated directly over the lamp. After the water 
(in the soda solution) has boiled off, the contents of the flask will be¬ 
come quite clear in a few minutes. The flask, now containing glycerol 
and soap, is allowed to cool and 135 c.c. of water added. When the 
soap is dissolved, 5 c.c. of the sulphuric acid and a piece of pumice 
^ are added, the flask is connected to a glass condenser fitted with a bulb 
arrangement to prevent spirting, and 110 c.c. are distilled over in 
half an hour. The distillate, which must be filtered if not clear, is 
then titrated with the alkali after addition of a few drops of phenol- 
phthalein. Five grammes of butter treated in this way require from 
24 to 34 c.c. of decinormal alkali, while 5 grammes of most animal fats 
require less than 1 c.c. 

Commercial “ margarine,” which consists of animal fats churned 
with milk so as to acquire a flavour of butter, usually requires from 
1 to 2 c.c. of decinormal alkali. 

Thus a specimen of “ butter,” 5 grammes of whose fat gave only 
suflicient volatile acids to neutralise less than 24 c.c. of decinormal 
alkali, was considered to be open to suspicion of containing some 
foreign fat. 

It has, however, been shown that when the cows are far advanced 
in lactation, and especially when fed upon poor pastures, their milk 
fat may give numbers much lower than this for their volatile fatty 
acidsThe writer's experience in South Africa also confirms this, 
and the same applies to the “ saponification equivalent ” (really a 
measure of the mean molecular weight of the fatty acids present). It 
is therefore necessary to use caution in condemning any sample of 

^Vau Rijn, Th.e compositian of Dutch butter, 1902; see also Biownlee, 
Jour. Irish Dept, of Agric., April, 1910, and Orowther, Bulbas. 62 and 66, Leeds Univ., 
19044. 
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butter as being adulterated with margarine, from any data depending 
upon measurements of the amounts of fatty acids of low molecular 
weight present. 

Another method of distinguishing butter fat from other fats is by 
determining the amount of alkali necessary for saponification of a fixed 
quantity of the fat, or what is practically its reciprocal, the " saponifi¬ 
cation equivalent,” ix., the weight of fat corresponding to the gramme 
equivalent of the alkali. The saponification equivalent of butter, in con¬ 
sequence of the low molecular weights of the acids which it contains^ 
is much smaller than that of most other fats, the actual values found 
being about 247 for genuine butter and about 288 for most other fats^ 
For other methods the reader must refer to some manual of analysis. 

Butter Colouring.—The natural colouring matter of milk is ap¬ 
parently contained in the fat and is subject to considerable variation.^ 
The amount is usually least in winter, and, at that season, butter is 
often white in colour. It is a common practice to add some colour¬ 
ing substance to the cream in the churn, so that the colour of the 
butter may be deej)er. The usual addition is ammtto, a colouring 
matter obtained from the seeds of Bixa orellana. 

The colouring substance is soluble in alkaline solutions and in oils. 
The.commercial solution generally contains sodium carbonate. Other* 
colouring matters, e.g., carrot juice, turmeric, saffron, marigold and. 
even chrome yellow (lead chromate) have been occasionally used. The^ 
last mentioned is highly objectionable and poisonous. Its presence- 
would be indicated by the occurrence of led and chromium in the 
ash. Annatto can be detected by taking about 5 grammes of buttery 
dissolving it in about 50 c.c. of ether and then shaking vigorously with 
about 15 c.c. of very dilute caustic soda. • The whole is set aside, when 
it separates into two layers, the upper one consisting of an ethereal 
solution of fat, the lower containing the annatto, if present. Some of 
the lower liquid is then removed, evaporated to dryness, and the 
yellow residue treated with a drop of strong sulphuric acid. If an¬ 
natto be present a blue or violet coloui* is produced, quickly changing 
to green, and finally to a brownish hue. Another way of separating 
artificial colouring matter from butter is due to Martin. A mixture 
of about 2 parts of carbon disulphide and 15 of alcohol is made, and. 
5 grammes of butter are treated with 25 c.c of this liquid and the 
whole well shaken. On standing, the carbon disulphide, with the fat,, 
sinks to the bottom, and the colouring substances remain in the. 
alcohol. 

CHEESE.—In cheese, the usual constituents determined in an 
analysis are water, ash, fat and casein, and although the last mentioned 
is the characteristic ingredient, the value of a sample depends far more 
upon the amount of fat which it contains than upon its casein content. 

WaUr is determined by heating about 5 grammes of the sample, in 
thin slices, in a weighed dish containing some asbestos, which server 
to absorb the melted fat. ffhe heating should be done in a steam oven 

1 Vide p. 841. 
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and extend over at least ten or twelve hours. The loss in weight gives 
the water. 

Ash .—The residue from the previous determination is set on fire, 
when the asbestos will act as a wick, from which the fat will burn. 
The dish is then heated to a low redness until the black carbon 
particles disappear. 

Fat .—About 5 grammes of the cheese are rubbed up in a mortar 
with about 10 grammes of anhydrous copper sulphate. The mixture 
is introduced into a Schleicher & S.chull’s filter-paper thimble and ex¬ 
tracted with ether for eight or ten hours in a Soxhlet extractor. The 
ether is then distilled off and the fat weighed. 

Casern .—The total nitrogen is determined by the Kjeldahl pro¬ 
cess,^ using about 2 grammes of cheese. The percentage of nitrogen 
is then multiplied by 6*38 and the product taken as casein. 

These methods are those usually employed, but are not entirely 
satisfactory. Attempts to differentiate between the products of ripen¬ 
ing have been made,^ but they are too complicated to be discussed 
here. 

Milk Standards.—The establishment of a standard by which to 
judge of the quality and freedom or otherwise from adulteration of a 
sample of milk, has received much attention and consideration. In 
September, 1901, the Board of Agriculture decided to take 3 per cent 
of fat and 8*5 per cent of solids-not-fat as the probable lower limit in 
the case of genuine milk, and it was enacted by law that if a specimen 
-did not come up to these figures a presumption should be raised that 
it was not genuine, by reason of the abstraction of fat or the addition 
of water. While these values are much below the average, and to that 
extent satisfactory from the producers' point of view, it must be re¬ 
membered that with morning milk, when the night interval is much 
longer than the day one, the fat content of genuine milk may often be 
below this standard. Indeed, according to the experience of the author 
during the very dry autumn of 1901, the mixed milk of dairy shorthorn 
cows in the morning was far more often below than up to this standard. 
The cows were at pasture, but received 2 lb. decorticated cotton cake 
each per day. For evening milk, on the other hand, the standard for 
fat is very much below the average, and lower, perhaps, than the con¬ 
sumer has the right to expect. 

The difficulty of choosing a satisfactory standard is great, and per¬ 
haps almost insuperable, when the great differences which are often 
shown between evening's and morning’s milk are taken into account. 
If cows could be milked at regular intervals of twelve hours each, these 
differences would be greatly diminished, but unfortunately the exigen¬ 
cies of the trade almost necessitate great inequalities in the intervals 
between milkings. A different standard for morning and for evening 
milk would, ^rhaps, better meet the case; but, in practice, difficulties 
in administering the law would arise. 

Not only should the consumer of milk be protected from fraud 
due to impoverishment of the product by removal of fat or addition 

A Fide p. 95. Fide Chap. XY. 










MILK STANDAEDS. 


387 


of water, but it is desirable that some steps should be taken to ensure 
that the milk he buys is not unduly polluted by injurious micro¬ 
organisms. He has a right to expect that his purchase should keep 
a reasonable time without souring and especially that its consumption 
should not involve risk of contracting diseases such as enteric fever, 
tuberculosis or diphtheria. 

The registration and periodic inspection of the premises of milk- 
dealers and producers and the application of the tuberculin test to the 
cows are mainly intended to effect these objects, and if thoroughly 
done, would go a long way towards doing so. 

Standards, as to the number of micro-organisms per cubic centimetre 
in the milk, as sold, have been proposed as being practicable, but it 
must be remembered that many organisms (the lactic acid ones, for 
example) are always present and are only important as affecting the 
keeping qualities; their number, though being a measure of the 
cleanliness and care which has been exercised in handling the milk, 
affords no evidence as to the absence or presence of pathogenic germs. 
The whole subject of State control of milk supply is beset with 
difficulties, but earnest attempts are now being made to deal with the 
matter, which, undoubtedly, is of great importance. 








CHAPTER XVII, 


Miscellaneous Products Used in Aokicultukk. 

In this chapter, which is necessarily disconnected and fragmentary, 
such substances as find applications in agriculture are briefly de¬ 
scribed from their chemical aspect, while some reference is made, in 
most cases, to the manner and propoi’tion in which they are used. 
An alphabetical arrangement has been adopted, since the mattei^s to 
be dealt with are so numerous and diverse that any connected or con¬ 
tinuous description would be impossible. In some cases the sub¬ 
stances mentioned have already received notice in the preceding 
chapters ; when this is the case, reference to the place is given, so as 
to avoid unnecessary repetition. 

Arsenious Oxide, A 840 ( 5 .—This substance is known in three dis¬ 
tinct forms, one amorphous or vitreous and two crystalliM— 
regular octahedra and trimetric prisms. Ordinary tahite arsenic 
consists mainly of the powdered vitreous variety, which, however, 
tends to pass into the heavier octahedral form. The specific gravities- 
of the vitreous and octahedral varieties are about 3*7 and 4*0 respec¬ 
tively. Their solubilities in water vary with circumstances. If water 
be shaken for a long time at 15° with the solids, the amounts dissolved 
by 100 parts of water are 0’2B of the crystalline and 0*92 of the 
vitreous varieties, while if saturated solutions at 100° be cooled to 15°, 
2*18 of the crystalline and 3*33 of the vitreous form remain in solution. 

Arsenious oxide dissolves readily in solutions of caustic alkalien 
or of alkaline carbonates, arsenites of the alkali metals being fornud. 
‘‘ Eowler's solutioncontains potassium arsenite. Arsenious acid, as 
the oxide is often called, and its compounds are powerful poisons both 
to animals and plants, but, curiously, have much less influence upon 
micro-organisms. Indeed, certain moulds can develop in the pniscne# 
of considerable quantities of arsenic and evolve arsenuratted hydrogen. 
Thus one of the most delicate tests for the presence of arsenic (Abba's 
test) consists of introducing into the suspected substance a strong 
culture of PemcUUvm bremcaule and observing the garlic-likfa odour 
evolved. As little as of a milligramme can thus be detected.’^ 

In culture solutions as little as 0*0002 per cent of arsenious acid 

^Soholtz, Jour. Ohem. Soo., 1900, Abstmots, ii. S44; also Ab#l and Button- 
berg, Jour. Ohem, Soc., 1900, Abstracts, ii. 299. 
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will destroy plants.^ Arsenic acid and arsenates (compounds of As^O^) 
are much less injurious, for plants will grow in solutions containing as 
much as 0-02 per cent.^ 

Arsenious oxide is sometimes used in medicine as a nerve tonic, 
and by repeated small doses, a person may acquire the power of taking, 
without danger, quantities which far exceed the normal lethal dose. 
In such cases, however, ill effects upon the system are generally pro¬ 
duced by continual dosing with arsenic. The administration of arsenic 
in small quantities often produces a plumpness and sleekness of the 
skin. For this reason it is often secretly given to horses by farm 
servants, often with fatal results. Considerable publicity was given to 
the prevalence of this practice in the north of Yorkshire a few years 
ago, and many cases of serious losses of horses occurred from this 
cause. 

Arsenious oxide finds a more legitimate use in sheep dips, especi¬ 
ally for foot-rot and as a vermin poison. 

In South Africa enormous quantities of arsenical compounds are 
used for the destruction of -locusts. In its adult stage—as a flying 
insect—the locust is difficult to deal with and reliance is chiefly placed 
upon methods of attacking it while in the immature hopping stage. 
These ‘‘voet-gangers,” as the young locusts are called, travel in vast 
armies across the country and devour and destroy all vegetable matter 
which lies in their path. The most successful method of coping with 
them is to spray the grass or other vegetation in front of the advancing 
swarm with a solution containing sugar and arsenite of soda, the 
strength varying from 1 lb. of arsenite and 2 lb. of sugar to 16 gallons 
of water for the very young insects, to 1 lb. of arsenite and 1 lb. of 
sugar to 8 gallons of water for the almost full-grown voet-ganger. In 
this way many thousands of swarms have been destroyed. Many 
tons of arsenite of soda have been used, and, mainly owing to care¬ 
lessness, poisoning of cattle, sheep and goats has been somewhat 
extensive. 

The vegetation sprayed with the solution, if not eaten by the 
locusts, quickly dies, and if animals are not allowed access to the 
place until after rain has fallen, little danger of poisoning stock is ex¬ 
perienced. 

White ants, also very abundant and destructive in South Africa, 
are often destroyed by means of arsenic. 

A special apparatus is used, in which a mixture of about 9 parts of ' 
arsenious oxide with 1 part of sulphur is strongly heated by burning 
wood or coke, and the vapours forced, by means of a pump and 
flexible tube into the ants’ nest, which is often below the ground. 

^ Arsenic is often found in sulphuric acid and therefore in sulphate of ammonia 
and in superphosphate. Usually, however, care is taken to employ acid free from 
more than traces of arsenic in the preparation of these substances. According to 
Haselhoff (Jahresberioht il. Agrioultur-Ohemie, 1900,126) superphosphate made 
with sulphuric acid from Gaiman pyrites contains about 0*06 per cent, of arsenic; 
with acid from Spanish pyrites, as much as 0*149 per cent of arsenic. He con¬ 
cludes that little teiger exists of the aroenic in superphosphate being sufficient to 
do harm. 

‘^Stohlasa, Ann. Agron., 1897, 471; J.CB., 1898, ii. 1S8. 
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The vapours thus introduced destroy the ants partly by direct suf¬ 
focation, partly by condensing on the walls of the working and on the 
stores of food and thus rendering these poisonous to any insects which 
may escape suffocation. 

Arsenic, generally in the soluble form of sodium arsenite, is the 
chief ingredient of many sheep-dips. 

In many hot countries, dipping of both cattle and sheep is chiefly 
directed to the destruction of ticks which play so important a part in 
the transmission of disease. In South Africa and in Australia, practical 
experience has led to the conclusion that the dipping solution must 
contain about 0*2 to 0*3 per cent of soluble arsenious oxide in order to 
be effectual. Tar, soap, aloes and other substances are sometimes 
added to the dipping solution, but apparently have little effect upon the 
ticks, though they probably serve a useful purpose in rendering the 
liquid unpalatable and thus less likely to poison the cattle or sheep. ^ 

If animals be dipped in too strong an arsenical solution, or if 
dipped when hot through exercise, poisoning through absorption of 
arsenic by the skin may ensue. Sheep are more likely to be affected 
than cattle or horses. 

In South Africa a dip containing-— 

Arsenite of soda.. 5 lb. 

Aloes.Jib. 

Soft soap.5 lb. 

Water.100 gallons 

is recommended. For long woolled sheep, the soap is better omitted. 

Arsenite of soda is also used, under the name of “ Scrub extermi¬ 
nator,” as a plant poison, particularly in the destruction of prickly 
pear. 

Bleaching Powder—Chloride ol Lime, Ca(OCl)Cl, is used chiefly 
as a disinfectant. It acts by evolving hypochlorous acid, HCIO, which 
is a strong oxidising agent and thus able to destroy putrescible matter 
and micro-organisms. The hypochlorous acid is set free by the carbon 
dioxide of the air, thus :— 

2CaCl(OGl) + CO 2 -f = 2HC10 + CaCl^ + CaCOy. 

A more rapid and more powerful effect is produced if the bleach¬ 
ing powder be treated with dilute acids, when chlorine is evolved, 
thus:— 

. GaCl(OCl) H 2 SO 4 = CaSO^ -h -h 01^,, 

The chlorine acts as a most effective disinfectant. It very rapidly 
destroys micro-organisms, even when much diluted with air, but is, 
like all disinfectants, less successful with their spores. According to 
Fischer and Proskauer, to be effective, about 0*5 per cent of chlorine 
by volume should be present in the air. This would require the con- 
Sunaption of about 2 lb. or 8 lb. of bleaching powder per 1000 cubic 
feet of air space. Usually, however, about half this quantity is 
employed. 

Chlorine fumigation has been successfully used for disinfection 
after swine fever and plague. 
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Other hypochlorites have been nsed, and a process known as the 
“Hermite” process, by which sea-water is electrolysed and the fluid 
so obtained used for disinfecting sewage, etc., depends for its action 
upon the production, during electrolysis, of hypochlorites, probably 
chiefly of magnesium.^ 

Copper Salts-— Soluble copper salts are extremely poisonous to 
plants. In water cultures it was found that the presence of 0*0055 
part of copper sulphate in 100 parts of water was sufficient to kill 
young wheat plants; while 0*0049 of the bromide, 0*0050 of the 
chloride, or 0*0061 of the nitrate produced a similar effect.^ On the 
other hand, insoluble copper compounds not only appear to be non- 
poisonous but are often taken up by the plant. Haricot beans grew 
even better in nutrient solutions to which copper oxide had been 
added.^ Copper is said to be often present in plants to the extent of 
0*003 per cent, even on ordinary soils, while as much as 0*056 per 
cent may be present in the dry matter of X3lants growing on soils con¬ 
taining much copper.-* In Australia a plant— Polycar 2 )ceci sjnrostylis 
—has been found to contain as much as 0*05 per cent of copper, and 
its presence in any district is regarded as an indication of copper 
in the soil/*’ Large quantities of copj)er salts, however, appear to 
be injurious, especially if they be j^resent as sulphide, in which 
case, by oxidation, soluble sulphate is probably slowly formed. The 
author found, in a soil in which fruit trees refused to grow, about 0*2 
per cent of copper oxide, probably derived from pyrites. 

Copper salts find their chief use in agriculture as fungicides. The 
most important commercial salt is the sulphate, occurring crystallised 
as “ blue vitriol,” CuS 04 . 5 Hj^ 0 . This substance—which was formerly 
often adulterated, especially for agricultural purposes, with the much 
cheaper ferrous sulphate, with which it is isomorphous—is now very 
largely used, and the modern j.)roduct is, as a rule, fairly pure. 

The pure salt has a specific gravity of 2*28 and a solubility in 100 
parts of water which varies from 31*6 at 0° to 203*3 at 100°. At 10°, 
100 parts of water dissolve about 37 parts, at 20° about 42*3 parts, 
of the crystallised salt. 

A solution containing 2 per cent of CUSO 4 . 5 H 2 O has a specific 
gravity of 1*0126, a 4 per cent, solution, 1*0254, and a 6 per cent 
solution, 1*0384. Copper sulphate is insoluble in absolute alcohol, 
though very slightly soluble in aqueous alcohol; it is much more 
soluble in glycerine. 

Copper sulphate has long been used for dressing seed wheat, with 
a view to the prevention of such fungoid diseases as smtct, rust and 
bimt. Bhr this x)iirpose each quarter of corn is moistened with 2 gal¬ 
lons of water in which about 2 lb. of copper sulphate crystals have 

1 Bee Tlosooe and Lunt, Jour. See. Ohem. Ind., 1895, 224. 

‘•^Goupin, Oorapt Rend., 1898, 4(X); Jour, Ohem. Soc., 1899, Abstracts, ii. 118. 

•‘Tsohiroh, Ann. Agron., 1895, 544; Jour. Ohem. Boo., 1896, Abstracts, ii. 328. 

MacDougal, E%pcr. Btat. Record, i899,24; Jour. Ohem. Soc., 1900, Abstracts, 
ii. 285. 

®Heckel, Jour. Chem. Boc,, 1901, Abstracts, ii. 831. 
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been dissolved. The dressing is usually applied about 24 hours before 
sowing and the grain is thoroughly mixed and incorporated with the 
solution. Bach grain of wheat becomes coated with the liquid, which, 
on evaporation, leaves a thin film of the salt. The spores of the tungi 
are thus destroyed, but the copper is converted into insoluble com¬ 
pounds soon after the seed is sown and before germination of the 
wheat embryo commences. The corn, therefore, is not injured, though 
it would probably be killed outright if it were not for the action of 
the constituents of the soil (probably mainly the calcium carbonate} 
upon the copper sulphate. In America, the grain is soaked in a solu¬ 
tion of 1 lb. copper sulphate in 24 gallons of water for twelve hours, 
and then for five minutes in lime water.^ Dressings of copper sul¬ 
phate are also now recommended for barley and oats, for preventing 
smut. 

Copper sulphate is also employed in solution for spraying plants, 
with the object of preventing fungoid diseases. For this purpose 
a solution containing about 0*5 per cent of the salt is usually employed. 
Stronger solutions would be apt to injure the foilage of certain plants. 

Another use of copper sulphate is in the destruction of cruciferous 
weeds in cereal crops, e,g.^ charlock in barley or oats. This is ef¬ 
fected by spraying the field—when the charlock plants are still small, 
best when two or three inches high, and before the stem and flower 
are formed—with a' 2 or 3 per cent solution of the salt, at the rate of 
about 40 gallons per acre. To be successful, the operation should be 
performed in dry, sunny, calm weather. It is then found that the 
charlock leaves blacken and the plants die, while the barley and 
clover not only are not injured, but appear, in many cases, to be 
benefited by the process. This plan of dealing with charlock was 
apparently first tried in 1897 by Girard in France. He used a 6 per 
cent solution and ascribes the destruction of the charlock to the 
poisonous effect of the solution, which would be retained on the rough 
Sind more or less horizontal leaves of the charlock, while it would 
quickly run off the smooth and erect leaves of the cereals. It is 
doubtful whether this opinion is entitled to much weight, as clover, 
which also has horizontal leaves, suffers little or no damage. It is 
possible that the action is in some way dependent upon the presence 
in the charlock (as in other Gruciferce) of organic sulphides or sulpho- 
cyanides, and that some reaction of the copper upon these compounds 
is the cause of the injury. 

Another possible explanation of the toxic action of copper and 
iron sulphate solutions is that, in contact with the cells of plants, 
Osmotic pressure is set up owing to the liquid outside being more 
concentrated than that in the protoplasm of the cell. Water there¬ 
fore leaves the protoplasm, and shrinkage occurs plasmolysis so 
that the vital processes of the plant are interfered with, perhapH liy 
the destruction of the continuity of the protoplasm. If, through dif¬ 
ferences in the strength and thickness of the cell walls, this action 
takes place more readily in such plants as charlock, etc.^ than in 

^Farmers’ ^Bulletin, Ho. 75, U.S. Dept, of Agric. 
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oereals, this explanation would seem to be sufficient to account for the 
facts. It receives confirmation from the discovery, recently made, 
that spraying with 15 or 20 per cent solutions of sodium nitrate, 
ammonium sulphate, or potassium chloride—salts which cannot be 
suspected of having any chemical toxic effects—is also effective in 
destroying charlock.^ (See also iron sulphate.) 

Co])per hydroxide, Gu(OH) 2 , ^^so largely employed as a fungicide 
for application to vines, potatoes and fruit trees. It is usually em¬ 
ployed in the form of “Bordeaux mixture,” which is made by adding 
lime (best in the form of “ milk of lime”) to copper sulphate solution. 
Various strengths of solution have been recommended, the proportion 
•of copper sulphate varying from 12 lb. to 30 lb. per 100 gallons of 
water, that of quick-lime from 8 lb. to 20 lb. The lime should in all 
•cases be first slaked, made into a smooth cream with water, and then 
poured into the copper sulphate solution with constant stirritig. For 
many purposes it is highly important that the lime should be in excess 
and the mixture therefore free from any dissolved copper compounds, 
since these act corrosively upon the foliage. This can readily be de¬ 
tected by inserting a piece of bright iron or steel, when no deposit of 
metallic copper should form ; or another easily applied test is to breathe 
upon the surface of a portion of the mixture, when a film of calcium 
carbonate should be formed, showing the presence of free calcium 
hydrate. The mixture should be kept constantly stirred, and be ap¬ 
plied by the sprayer as soon after its preparation as possible. 

Bordeaux mixture is largely used in the preventive treatment of 
vines and potatoes and is highly effective. 

According to Pickering Bordeaux mixture contains its copper, not 
as hydroxide but as basic copper sulphates. He finds that when lime 
water is added to a solution of copper sulphate, the precipitate, at first, 
consists of a basic copper sulphate, SO 3 . 4 CUO ; as more lime water is 
added, the composition of the precipitate approaches that indicated by 
SOjj.fiCuO. With still larger quantities of lime, SOg.lOCuO is formed 
together with some co-precipitated calcium sulphate. 

The action of Bordeaux mixture as a fungicide, depends, according 
to Pickering, upon the gradual action of atmospheric carbon dioxide 
upon the residue left on the foliage, whereby small quantities of copper 
sulphate are formed 

SO^, 4CuO -f- SCO, = SCuCOj, + CuSO^ 

SO.. 5CuO -f 4 CO 2 = 4 GUOO 3 + CUSO 4 
SO^.lOCuO -k 9 CO 2 = QCuCO. -k CuSO. 
^)3.10GiiO,4CaO.SO3-kl2CO.^«9CuCO3+3CaCO3 + CaSO^ + CUSO 4 . 

Prom these equations it is evident that the most effective mixture 
would be one in which the precipitate approximates most nearly to 
4 GUO.SO 3 , since in this case the effective fungicide—copper sulphate 
'—formed by the gradual action of the atmospheric carbon dioxide 
would correspond theoreitically to one-third of the total copper present, 
while in the usual Bordeaux mixture, the precipitate, approximating in 

^Helnrlcli, JaliresbeneUt iiber Aghculfcur-Chemie, 1901, 351. 

® Jour. Chem. Boo., 1007, Trana., 1088. 
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composition to lOCuO.SOy, 4CaO.SOjj, could only yield one-tenth of 
its copper as copper sulphate, and this liberation of copper sulphate 
would probably only begin after the basic calcium sulphate had been 
acted upon by carbon dioxide. 

In order to prepare Bordeaux mixture containing 4CuO.SO;j, 
Pickering recommends that one gramme of crystallised copper sulphate 
in solution be precipitated by the addition of 134 c.c. of saturated lime 
water, and points out that such a preparation is rather more effective 
than normal Bordeaux mixture made by precipitating more than double 
the quantity of copper sulphate by excess of milk of lime. 

On a practical scale, the mixture could be prepared by dissolving 
1 lb. of crystallised copper sulphate in to 1 gallon of water and then 
adding 13-^ gallons of clear, saturated lime water. After thorough 
mixing, the liquid should be tested for soluble copper salts by Altering 
a portion and adding a solution of potassium ferrocyanide. If a red 
coloration be obtained, further addition of lime water should be made, 
or the mixture would have a corrosive action on the foliage. 

This new method of preparation would seem to possess several ad~ 
vantages, in efficacy of the product, freedom from tendency to choke 
the spraying nozzles, eto., but considerable care is necessary. Unless 
the lime water be really saturated, there is danger of leaving excess 
of copper sulphate in the final liquid, and this, of course, would be 
injurious to the foliage. 

According to a recent paper by Barker and Gimingham,’^ however, 
the fungicidal action of Bordeaux mixture is due to the direct action 
of the solid copper compounds upon the hyphcB of the fungus on the 
surface of the leaf and not to any liberation of soluble copper com¬ 
pounds by the action of carbon dioxide on the precipitated basic 
salts. 

I 

Other copper compounds used as fungicides are— 

1 . Eau celeste'' which is essentially ammonio-copper sulphate,, 
GuSO 4 . 4 NH 3 .H 2 O, the well-known magnificent blue solution, formed 
when ammonia is added in excess to a solution of copper sulphate. 
The usual proportions are about 5 lb. blue vitriol and 6 or 7 pints of 
strong ammonia in 100 gallons of water. 

2. Ammoniacal copper carbonate, made by dissolving copper car¬ 
bonate in ammonia or ammonium carbonate solution. Quantities often 
used are—copper carbonate 10 ounces, strong ammonia 6 pints, water 
100 gallons. 

3. Copper sulphate and sulpJmr powder.—k * mixture of equal 
weights of powdered blue yitriol and air-slaked lime is mixed with 20 
times its weight of powdered sulphur. 

Copper sulphate and ammonio-copper sulphate also find a limited 
application in veterinary practice as astringents. 

Copper sulphate is also used as a disinfectant in France, a 5 per cent 
solution being recommended. It has been employed as a disinfectant 
for cow-sheds after rinderpest, but is expensive. 


1 Lour. Agdo. Sci., 1911, 76. 
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Disinfectants. —A true disinfectant is a substance which destroys 
the organisms (and their spores) which produce putrefaction or disease. 
An antiseptic, on the other hand, is' a substance which prevents their 
growth, though it may or may not destroy them. A deodoriser is a 
body which absorbs or destroys the evil-smelling gases which are 
evolved during processes of decay. 

Disinfectants act in various ways and it is impossible to exactly cor¬ 
relate their germicidal action with their chemical or physical properties. 

Eideal ^ classifies their action thus :— 

1 . Free acids or salts of acid reaction retard the growth of most 
bacteria. 

2. Albumin is precipitated by soluble salts of many heavy metals, 
mercury, copper. Such salts |)robably act by coagulating the 

protoplasm in the organisms. 

3. By combining with such metals, or in other ways, e.g., by con¬ 
tact with charcoal, the food of bacteria may be rendered insoluble and 
the organisms are thus starved. 

4 Beducing agents, e.g., sulphites and ferrous salts, remove oxygen 
and so destroy aerobic organisms. 

5. Oxidising agents, e.g., chlorine, ozone, hydrogen peroxide and 
permanganates, destroy by oxidation both the bacteria and their food. 
These are the most nearly perfect disinfectants. 

6 . Some easily reducible metallic salts are assimilated by the 
bacteria, with the deposition of the metals within their tissues. This 
deposition, when it becomes great enough, kills the organisms. This 
happens with salts of gold and silver. In some cases, very minute 
quantities of these poisons promote the growth of the same organisms 
which larger doses quickly destroy. 

7. Some substances which are germicides act in a manner which 
can only be described as physiological and not chemical. To this class 
belong boric acid and the borates and many of the aromatic com¬ 
pounds. 

The number of substances which have been used as disinfectants 
is very great and is constantly being increased. 

Among them the following may be mentioned 

(jhlorine, which is used as the free element, as hypochlorous acid, 
and as hydrochloric acid. 

Bromine and iodine.—The former has some advantages because of 
its being liquid and is now sufficiently cheap to permit of its use; the 
latter is less convenient and too costly for general purposes. They 
act, like chlorine, best in the presence of moisture. Iodine trichloride, 
ICLj, has also been highly recommended. 

'jlydrofluoric acid, HI’’, and especially hydrofluosilicic acid, HoSiF^j, 
and the siiicofluorides, are highly antiseptic. 

Salufer ” is a patented disinfectant, the basis of which is silico- 
fiuoride of sodium, Na.^iFjj. The use of hydrofluosilicic acid as a 
preventive of the decay of farm-yard manure has already been alluded 
to. Fluorides are also employed to prevent undesirable fermentation 
in breweries. 

^ Disinfection and Disinfectants, 1895, 145. 
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Oxygen is the best natural disinfectant, and free admission of 
oxgyen destroys many micro-organisms. It is by absorption of atmos¬ 
pheric oxygen that river water, polluted by putrefying organic 
matter, purifies itself. Unfortunately the process is slow. 

Ozoite, O 3 , the allotropic form of oxygen, is much more powerful 
in its action, and successful attempts to apply it as a disinfectant 
have been made. 

Hydrogen peroxide, H 2 O. 2 , is an excellent disinfectant, and, though 
a powerful germicide, has no infiuence upon enzymes, e.g., those of 
digestion. 

When air is brought into contact with oil of turpentine in the pre¬ 
sence of water, hydrogen peroxide is formed. Advantage is taken of 
this in the preparation of Sanitas,” a preparation made from ter- 
penes and possessing a characteristic odour. 

S'lbl'phur dioxide, SO 2 .—This gas, of well-known properties, is a 
powerful disinfectant and deodoriser. It is poisonous and very irritant 
when breathed, 5 per cent in air producing fatal results. 

It dissolves in about of its volume of water, yielding a weak 
solution of the unstable sulphurous acid, 

It acts in presence of water as an acid, and therefore unites with 
ammonia, amines, organic bases, etc. It decomposes sulphuretted 
hydrogen or ammonium sulphide and reduces many organic sub¬ 
stances, generally producing colourless compounds. Hence its use 
in bleaching wool and straw. 

By pressure it can be condensed to a liquid and is now commerci¬ 
ally obtainable in glass siphons (under a pressure of about three atmos¬ 
pheres), each of which will yield about 500 litres of gas. 

The usual plan of generating the gas is by burning sulphur in air. 
The sulphur is often in the form of candles,*' i.e., cylinders provided 
with a wick, or a cheaper method is to use roll sulphur placed in 
metal dishes and moistened, when everything is ready, with the very 
inflammable and volatile carbon disulphide; the ready ignition of 
the sulphur can thus be ensured. According to the Local Govern¬ 
ment Board's direction, lb. of sulphur should be used for an 
ordinary room; this probably would yield air containing about 2 per 
cont of SO 5 ,. 

In Belgium from 20 to 30 grammes per cubic metre are recom¬ 
mended (Le., from 2 to 3 per cent).^ Considerable difference of 
opinion appears to exist as to the value of sulphur dioxide as a dis¬ 
infectant. 

Carbon disulphide, CS^, the very volatile, inflammable liquid, with 
the well-known offensive odour, is poisonous both to animals and 
micro-organisms. Its proposed use as a means of checking nitrifica¬ 
tion in soils in the autumn has already been alluded to. On combus¬ 
tion it yields carbon dioxide and sulphur dioxide. With alkaline 
sulphides it forms thiocarbonates or xanthates {e,g,, KgOSg), which 
are sometimes used in treating plant diseases. 

Manganate and permangmate of $oda or potash, K|Mn 04 

KMnO^. 

^ EidisaJ, Disiafection and DMafsclants, 
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These are powerful oxidising agents, but being non-volatile, riajuiri^ 
to be brought into actual contact with the substance to bci^ oxidintuL 
All oxidisable matter, e.r/., nitrites, ferrous salts and organic matter, 
is hrst attacked, before the micro-organisms are affected. 

These substances form the active ingredients in “ (londy’s fluid 

^inc chloride, >jnCl.^,, a deliquescent and caustic whiter solid, very 
soluble in water, is a powerful disinluctant. A solution containing 
about 50 percent of zinc chloride constitutes Burnett’s disinfectitig 
fluid”. A more dilute solution is often used in surgejry as an anti¬ 
septic. 

Garbolic acid, plioud, and its hoinologiu^s, e.f/., cresoh 

G,.114(0OH, have long Ixicn uscid as antisciptics and disinfectantH. 

They are obtained from coal-tar or from the. tar produetjd by tlui 
distillation of wood. 

These substances are poisonous in large (|uantities and whe.n un¬ 
diluted are caustic and geruu*ally deliquescent. Thciy arc^ only slightly 
soluble in water, hut by the action of alkalies thciy yi<d<l saltdike 
bodies—“ carbolates ” or “ phenat(*s ” -which are re.adily soluldo 
and easily decomposed by acids, eveti by carbonic acid, yiedding agaifi 
the free phenol. 

Many disinfectants consist of linu^ or magnf‘sia containing about 
15 per cent of phenol. Such powders gradually lose*, their plumol on 
exposure to air. ihire phenol is a colourless crystalline body, melting 
at 41® and boiling at 1H2". With a little, water it licjuefieH, formirtg a 
fluid hydrate, which, however, is only Holuhh* in about fifu^en tiine.H 
its weight of watfu*. 

Phenol is decidc^dly antlHeptic, hut recjently doubts hav4! been 
expressed as to its d!sinf<»ctant powiu's, (ku’tain pathogenic organisrim 
are very resistant to phimol, r.f/., the typhoid bacillus can be sfvparateti 
from many othiU’ micro-organisms by taking advantagii of its |K'iwer 
of growing in carliollHisd niitriiaits. 

Phenol is a viole.nt plant poison, and a very dilute solution wilt 
prevent the gerrninatiofi of seeds. It is sornctirriCH uhihI m a weed 
destr’oyer. 

Many of tlie “ disinfeeting powders ” of cominercf3 consist essenti- 
ally of an indiffenirit |iowder, ejj., silicnttes or even silica, mniaining 
about 15 per cent of carliolic acid. They are often coloured pink, 
SoriiefcimiiS calciuni sulphite is alnii pri‘si*nt. 

(h*mmfie or crmmds is a mixture of cresol, xylenol, 

and other higher members of the Hcries; about lor 
2 per cent of plienol is iisuiilly present. It is colourless when fritsli, 
but soon darkeuiH. It possesses good antiseptic powers and b 
thought to !m* preferalile to phenoL It is used in the prosorvstiori of 
tiirilMU*. 

Many preparations eoiitaliiing crosols are in use aw clisiftfectanis, 
Lynol in obtained by mixing ter-oi!s (chiefly cresol) with fifct iwid 
saponifying with jsitash. It m i^hible in water iirid is itppiirenily an 
cxcellant antiseptic. 

Wood ommide is m tiiorc |»w©rful iisinfccteni than that (roiri 
coal-tar. In mMitiori to crcsol and phenol it eoiilairii 
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0 (^H^(0CH3)0H, and creosol, CyH 3 (CH 3 )(OCH 3 ).OH. Wood creasote 
is very poisonous both to animals and plants. 

Many other antiseptic and disinfectant substances have been ob¬ 
tained from coal-tar. For an account of these substances, a treatise 
on organic chemistry should be consulted. 

“ Formalin,’' the commercial name for a solution of formaldehyde, 
H^CO, in water. The nominal strength is 40 per cent of formaldehyde, 
and a trace of formic acid is also present. The liquid is stable in 
closed vessels, but loses the gas on free exposure to air. 

Formaldehyde is one of the most powerful antiseptics and disin¬ 
fectants. Solutions of 1 in 10,000 or 20,000 will prevent the growth 
of many micro-organisms, and 1 per cent solutions produce absolute 
sterility. 

Formaldehyde is an admirable fungicide and, in sufficient quantites, 
acts as a powerful plant poison. 

In 1897 Windiseh^ investigated the effect of various strengths of 
formaldehyde solutions upon the germination of cereals. In each 
case 200 seeds were allowed to germinate between pieces of thick 
filter paper moistened with water and with 0*02, 0*04, 0*08, 0*12, 0*20 
and 0*40 per cent formaldehyde solutions respectively. 

Wheat was almost wholly destroyed by the 0*12 per cent solution, 
whilst oats were only delayed in their germination by this solution ; 
with 0'20 per cent solutions, barley, wheat and rye were destroyed, and 
with 0*40 per cent solutions, oats also succumbed. In 1901, he ^ ex¬ 
tended the experiments to other seeds; the 0*2 percent solution killed 
flax and rape and greatly injured lupines, peas and clover, retarded 
the germination of horse-beans but did not injure maize. Even a 
0*4 per cent solution, which killed all other seeds, did not destroy 
maize. 

By shorter treatment of seeds with formaldehyde, it has been at¬ 
tempted to destroy the smut spores in grain without injuring the seed. 
Kinzel ^ found that 0*1 per cent solution of formaldehyde, applied for 
one hour to rye, wheat, oats, barley, clover and lupines, had no injuri¬ 
ous effect upon the seed, but destroyed, almost completely, the spores 
of fungi. 

Formalin ” has been used as a preservative for foodstuffs—milk, 
butter, etc ,; but since it combines with proteids and also has an 
inhibitive effect upon enzymes, its use for this purpose is not to be 
recommended. 

Fungicides. —These are, in nearly all cases, plant poisons, but 
are used under such conditions or in such dilute solution that they do 
not injure the higher plants. Some of the more important fungicides 

jBiTQ — 

Copper salts, vide p. 391. 

Ferrous sulphate, vide p. 401, 

Mercuric chloride .—^This has been recommended and used in 

^Landw. Versuchs-Stat., 1897, 223; Jour. OhenL Soc., 1898, Abstracts, ii. 40. 

1901, 241; Jonr. Ckem. Soo., 1901, Abstracts, ii. 466. 

1898, 461; Jour. Ohem. Sqo>, 1898, Abstracts, ii. 302. 
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America as a remedy for bunt or stinking smut in wheat. The seed 
is treated with a 0*2 per cent solution, conveniently made by dissolv¬ 
ing 1 lb. of corrosive sublimate in 50 gallons of water. 

Formaldehyde, vide above.—For prevention of bunt in wheat or 
smut in oats a solution of 1 lb. formalin'' in 50 or 60 gallons of 
water is recommended. The seed is to be soaked for two hours in 
this solution, which would contain about 0*08 per cent of formaldehyde. 

Potassium sulphide, —The substance used is generally liver of 
sulphur,” a dark brown fused mass of sulphide and various polysul¬ 
phides of potassium. An American recipe for smut in oats is to soak 
the grain for twenty-four hours in an 0*6 per cent solution (i,e,, 1^ lb. 
of potassium sulphide in 25 gallons of water) or for two hours in 
2 per cent solution. 

Hot ivater. —It is possible, in the case of many seeds, to kill the 
spores of fungi by means of hot water, without injuring the seeds 
themselves. This is done by dipping them into water at a tempera¬ 
ture of about 56° and taking care that every grain is wetted. Ten 
minutes' treatment is found to suffice for destroying bunt in wheat or 
smut in oats. If the gi’ain be soaked for three or four hours in cold 
water first, five minutes in the hot water is sufficient. For smut in 
barley the temperature should not be higher than 54*5°. 

It is said tnat when grain is treated with hot water or with potas¬ 
sium sulphide, there is an increase in the yield greater than would be 
produced .if every infected grain were replaced by a sound one.^ 

Sulphur,—JJsedi in fine powder for certain forms of mildew; 
occasionally as vapour (not sulphur dioxide), by heating sulphur to 
the boiling-point and carefully avoiding inflammation. It can only 
be used in this way in enclosed spaces, e.g., greenhouses. A mixture 
of finely-divided sulphur and lime is also employed as a remedy for 
mildew. 

Insecticides. —In the choice of a'substance to be used for the de¬ 
struction of insect pests, it is necessary to consider whether the parti¬ 
cular insects are gnawing insects, i.e,, whether they actually bite away 
portions of the plant, or sucking insects, which derive their nourish¬ 
ment by imbibing the sap or juice of the plant. 

If the former, any violent poison which does not harm the plant 
may be distributed over the leaves or stems and may be effective ; in 
the latter, the substance must act upon the insect in some other way 
than as a poison, either corrosively upon its body or through its 
breathing apparatus. 

As Food Poisons, arsenical compounds are mainly used, the 
favourite ones being Paris green, copper aceto-arsenite 
[Cu(C. 2 H 302 ). 2 . 3 Cu{As 02)2 (-0] J London purple, chiefly calcium arsenite 
and waste colouring matter; and to a less extent Scheele's green, 
(CuHAsOg), and lead arsenate, made when required by mixing 
solutions of sodium arsenate and lead acetate. Free arsenious oxide 
is not suitable for the purpose, on account of its corrosive effect 

^ Swingle, Farmers^ Bullefcm, lb, tJ.S. Dept, of Agric. 
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upon foliage. According to American experiments ^ the arsenical 
preparations are less likely to injure the plant the less soluble the 
arsenic Is, the order of solubility being given thus, beginning with the 
least ’ soluble—lead arsenate, Scheele’s green, Paris green, London 
purple. They are best applied in suspension in water, as a spray, 
but sometimes they are used in the dry state, either alone or mixed 
with flour. In some cases they are employed as poisoned bait, mixed 
with sugar and bran. Por spiaying, about 1 part of the solid sus¬ 
pended in from 1000 to 2000 parts of water is generally employed. 
The addition of lime is said to prevent the corrosive action of arsenic 
compounds upon foliage. 

Por sucking insects, contact poisons, as distinguished from food 
poisons, have to be used. Soap of any kind, but particularly potash 
or soft soap, in from five to twenty times its weight of water, is effective 
on the small scale. Pyrethr'im, the ground flowers of the plant of 
that name, is also effective. 

Flowers of sulphur, too, is useful for .the purpose, as is also a 
solution of calcium or sodium sulphide, made by boiling sulphur 
with lime and water or with a solution of caustic soda. 

Lime and mlphur dip, i.e., a liquid formed by boiling finely 
divided sulphur with lime and water, is extensively used as a sheep 
dip for the destruction of scab. The active constituents are the sul¬ 
phide and poly sulphides of calcium. 

Petroleum, either alone or, better, in most cases, as an emulsion 
with soap and water or with sour milk, is highly recommended. 
The proportions used are 2 gallons of petroleum to 1 gallon of water 
containing half a pound of (preferably) whale-oil soap, or to 1 gallon 
of sour milk. The emulsion is made by means of a force-pump. 
For use, the emulsion is diluted with fifteen or twenty times its 
volume of water and applied with a sprayer. 

Fumigation,— Tobacco smoke is often used in greenhouses as a 
means of destroying insect pests. For shrubs and trees, extensive 
use is now being made in America of hydrocyanic acid. The tree or 
shrub is enclosed in a tent made of canvas rendered gas-tight by 
treatment with boiled linseed-oil, and the gas is evolved by the action 
of dilute sulphuric acid upon potassium cyanide. From thii^ty to 
forty minutes’ treatment is all that is necessary, and the quantity of 
pure cyanide to be used appears to be about 1 to ounces per 100 
cubic feet of enclosed space. The cyanide should be dropped into 
a glass or earthenware jar containing about three times its weight of 
water and Its own weight of commercial sulphuric acid. It is hardly 
necessaiy to say that the greatest care has to be taken to avoid 
breathing air containing any hydrocyanic acid. Plants are not 
readily injured by the gas in the dark, but when in leaf are quickly 
killed by it in sunlight. 

Oarhcn d/kulphim, GS 2 , is an effective poison for most insects. 
It is used for low-growing plants, which can be surrounded by boxes 
to enclose the heavy vapour given off from a small quantity (5 or 

^ M&rlatt, Eamexs’ BuIMn, 127, U.S, Deph of Agric. 
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10 c.c.) of the liquid placed in a saucer. It is, however, particularly 
well adapted for the destruction of subterranean insects or thek larvae. 
For this purpose a hole from 6 to 12 inches deep is made, not too 
near the tree whose root is affected by the insects, and from 15 to 
30 c.c. of carbon disulphide poured in. The hole is then quickly 
closed, when the vapour diffuses into the soil, and destroys the insects. 
Carbon disulphide is also employed to rid grain of insects. 

The extreme inff ammability of its vapour renders carbon disulphide 
dangerous to use in the neighbourhood of flames. 

Iron Sulphate, FeS 04 . 7 H^ 0 , yremi vitriol .—This sub¬ 

stance is prepared by the action of dilute sulphuric acid upon scrap 
iron; sometimes by the oxidation, by means of damp air, of marcasite 
or white pyrites, FeS^; or as a by-product in the manufacture of 
alum from ‘‘ alum schists,” i.e., shales containing iron pyrites. 

It forms monoclinic crystals of light green colour, which effloresce 
and oxidise when exposed to dry air, a yellowish powder consisting 
of ferric hydrate and ferric sulphate being produced. One hundred 
parts of water dissolve— 

60*9 parts of the crystallised salt at 10° 


70 



„ 15= 

115 


„ 25= 

227 



„ 46= 

268 

n 

1) 

„ 60= 

838 



„ 100' 


The speciflc gravities of solutions of ferrous sulphate solutions 
vary with the strength, in accordance with the following table:— 


Percentage of 
crystallised salt. 

5 

10 

15 

20 

25 

80 

85 

40 


Specific gravity of 
solution at 16°. 
1-0267 
1-0537 
1-0823 
1*1124 
1-1480 
1-1738 
. » 1*2063 

1-2891 


The salt is insoluble in absolute alcohol. 

Iron sulphate is used in agriculture mainly as a fungicide, occa¬ 
sionally as a disinfectant, as a manure,^ and as a veterinary medicine. 

In recent years it has been largely employed as a means of de¬ 
stroying charlock and runch, being used as a spray in the same 
manner as copper sulphate. The strength of the solution to be em¬ 
ployed varies slightly with the age of the charlock at the time of 
spraying. 

If the plants be treated when young, a 10 per cent solution is 
probably best, while for older plants a 15 per cent solution will 
generally be advisable; in both cases the liquid should be sprayed at 
the rate of about 40 gallons per acre. Mixtures of the finely-divided 

^ Vide p. 170. 
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dry salt with marl, applied as a powder, have been tried, but with 
little success.^ As is the case with copper sulphate, iron sulphate ap¬ 
pears to have a stimulating effect upon cereals, and many results, 
among others those obtained in the experiments conducted under the 
supervision of the Yorkshire College and the East and West Eidings 
Joint Agricultural Council in 1899, seem to show that, even where no 
charlock or runch may be present, the cereal crop is benefited by 
spraying.’^ 

For severe cases of fungoid diseases, in vines, etc,, a strong solution 
of ferrous sulphate, to which about 1 per cent of free sulphuric acid 
has been added, is said to be very effective. 

Ferrous sulphate, like copper sulphate, is a plant poison, and its 
success as a fungicide (indeed, probably that of all substances used in 
that capacity) is probably due to the fact that the fungi are more sus¬ 
ceptible to its action, because of their thinner walls, than the higher 
plants. 

Mercuric Chloride, HgCl^, corrosive sublimate .—This well-known 
poisonous substance is one of the best disinfectants. 

Since it is practically non-volatile at ordinary temperatures, it can 
only be applied in solution and must come into actual contact with 
the infected material. A solution of 1 part in 10,000 is sufficient to 
kill many micro-organisms, though some spores, e.g., those of anthrax, 
require a 1 per cent solution. According to Lingard,*^ a solution 
of 1 part in 960 destroys the tubercular bacillus in from four 
to eight hours. Mercuric chloride combines with albuminoid sub¬ 
stances to form insoluble compounds, and this fact sometimes inter¬ 
feres with its success as a disinfectant of matter containing proteids. 
It is said that in such cases the addition of a mineral acid, e.g.^ hydro¬ 
chloric acid, or even tartaric acid, to the solution greatly increases its 
effectiveness. Later experiments ^ throw some doubt on this point. 
Mercuric chloride is a heavy crystalline substance. Its solubility in 
water is greatly affected by temperature. 100 parts of water dis¬ 
solve— 

5*73 parts of the salt at 0° 

6*67 „ „ 10" 

7'39 „ „ 20" 

63‘96 „ „ 100° 

It is also soluble in alcohol, ether and glycerol. The salt melts 
at 288'^ and volatilises at 303°; its vapour is very poisonous. « 

Mercuric chloride is largely employed in surgery as an antiseptic, 
solutions containing from 1 in 1000 to 1 in 10,000 being used. 

Mercuric iodide, Hgl^, and cyanide, Hg(ON)g, are also employed 
as disinfectants. 

Mercury salts and mercury vapour are very poisonous to plants, 

^ Jahxashericht uber Agricultur-Ohemxe, 1901, 

2 This ef ect may be either a direct manurial one, an indirect one by promoting 
the disintegration of the minemls in the soil, or by increasing the chlorophyll 
production, or, lastly, be due to the destructive aotiop. of the salt upon funnoid pests. 

3 Quoted by Blyth, A Manual of Public Health, 1890. ^ 

Clark, Jour. Ohem. Soc,, 1901, Abstracts, ii. §2$. 
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mercury, even at the ordinary temperatures, giving off into the air 
sufficient vapour to kill many plants.^ 


Plant Poisons.—A great many substances act as plant poisons. 
Some, however, which when in solution are most deadly in their effects, 
are converted by substances present in soil* into insoluble and almost 
harmless compounds. Others remain in a soluble form in the water 
of the soil for some time, and therefore are very effective as destroyers 
of plants. 

Almost any soluble salt, if applied in strong solution, will generally 
kill plants, probably by producing plasmolysis. 

Soluble sulphides, sulphocyanides and sulphites are extremely 
powerful poisons and can be used as weed-killers. Even strong brine 
is effective for this purpose. 

Coupin investigated the poisonous effect of a large number of salts 
and determined the minimum strength of a solution which had an in¬ 
jurious effect in hindering (not preventing) the growth of the roots of 
wheat during the first fifteen days. 

The following are some of his results, the strengths given being the 
weakest which had an apparent effect:— 


Oopper sulphate . 
Mercuric chloride 
Cadmium chloride 
Silver nitrate 
Zinc sulphate 
Lithium chloride . 
Calcium iodide 
Barium nitrate 
Borax . 

Manganese chloride 
Calcium bromide . 

,, chloride . 


1 in 700,000,000 
1 in 80,000,000 
1 in 10,000,000 
1 in 1000,000 
1 in 40,000 
1 in 12,002 
1 in 10,000 
1 in 4,200 
1 in 1,000 

1 in 1,000 

1 in 400 

1 in 2C0 


In all cases the salts are assumed to be anhydrous. The very 
minute quantity of copper sulphate which produces a poisonous effect is 
remarkable—a quantity such as no ordinary chemical test would detect. 

The destruction of weeds on his land is an important task for the 
farmer. As a rule, the most useful and practicable methods are 
mechanical ones—hoeing, ploughing, etc .—and only in few cases can 
•chemical methods be employed. The destruction of charlock in barley 
or oat fields, by the use of differential plant poisons, affords the best 
example of such methods, and has already been described. Appropriate 
manurial dressings may often serve to discourage the growth of un¬ 
desirable plants and foster that of desirable ones. For example, 
liming “sour*’ grass land will, in time, change the character of the 
herbage by hindering the growth of such plants as delighfc in acid soils, 
e.g., the sour dock. So, too, clover in lawns or pastures may be 
encouraged by applications of basic slag, while repeated dressings with 
nitrate of soda will soon enable the grasses to choke out the legumin¬ 
ous plants. 

Ulafcrt, Jour. Ohom. Boc., 1901, AbstractH, ii. 259. 

^Oompfc. Bend., 1901, 645; Jour. Ohom. Soc., 1901, AbstractB, ii. 866. 
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Another case of. differential plant poisoning is seen in the use of 
“ lawn sand,” often employed for ridding lawns of daisies and plantain. 
This substance contains, as its chief ingredient, sulphate of ammonia, 
and when applied during the growing season at the rate of about 4 
ounces per square yard—a very heavy dressing (corresponding to more 
than half a ton per acre)—soon blackens and kills the broad-leaved 
plants, while its effect on the grasses, though at first to turn them 
brown, is, after a few days, beneficial and causes rapid growth. 

Since most plant poisons render land sterile for some time, they 
can, as a rule, only be employed with advantage for the destruction 
of weeds on waste land, roadways, paths, etc^ 

As suitable poisons for weeds on paths, etc., solutions of sodium 
arsenite (5 to 10 per cent), carbolic acid (1 oz. to the gallon), sulphuric 
acid (1 of acid, 30 of water), calcium sulphide (made by boiling 2 lb. 
sulphur and 10 lb. lime in 10 gallons of water), or even hot brine (1 lb. 
common salt to 1 gallon of water), have been found effective. 
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Aluminium 

Antimony 

Argon 

Arsenic . 

Barium . 

Bismuth 

Boron 

Bromine 

Cadmium 

CiBsium . 

Calcium . 

Carbon . 

Cerium . 

Chlorine . 

Chromium 

Cobalt . 

Columbium 

Copper . 

Dysprosium 

Erbium . 

Europium 

Fluorine. 

Gadolinium 

Gallium . 

Germanium 

Glucinum 

Gold 

Helium . 
Holmium 
Hydrog(‘n 
Indium . 
Iodine . 
Iridium . 
Iron 

Kiypton. 

Dinthanum 

Le^wl 

Lithium. 
Lutecium 
Magnesium 
Manganese 
Mercury. 


International Atomic Weights for 1920. 



A1 

0 = l6. 

271 

Molybdenum . 


< 

Mo 

3 = i6. 
96*0 


Sb 

120*2 

Neodymium . 


Nd 

144-3 


A 

39*9 

Neon 


Ne 

20-2 


As 

74*96 

Nickel 


Ni 

58*68 


Ba 

137*37 

Niton ^ . 


Nt 

222*4 


Bi 

208*0 

Nitrogen. 


N 

14*008 


B 

10*9 

Osmium. 


Os 

190-9 


Br 

79*92 

Oxygen . 


0 

1600 


Cd 

112*40 

Palladium 


Pd 

106-7 


Cs 

132*81 

Phosphorus . 


P 

31*04 


Ca 

40-07 

Platinum 


Ft 

196*2 


C 

12*00 

Potassium 


K 

39*10 


Oe 

140*25 

Praseodymium 


Pr 

140*9 


Cl 

36*46 

Eadium . 


Ea 

226*0 


Or 

52*0 

Ehodium 


Eh 

102-9 


Co 

58*97 

Eubidium 


Eb 

86*46 


Cb 

93*1 

Euthenium . 


Eu 

101*7 


Cu 

63*67 

Samarium 


Sa 

150*4 


Dy 

162*6 

Scandium 


Sc 

44*1 


Er 

167-7 

Selenium 


Se 

79*2 


Eu 

152*0 

Silicon . 


Si 

28*3 


F 

19*0 

Silver 


Ag 

107-88 


Od 

157*3 

Sodium . 


Na 

23*00 


Ga 

70*1 

Strontium 


Sr 

87*63 


Ge 

72*5 

Sulphur. 
Tantalum 


S 

32*06 


G1 

9*1 


Ta 

181*5 


Au 

197*2 

Tellurium 


Te 

127-6 


He 

4*CK) 

Terbium 


Tb 

169-2 


Ho 

163*5 

Thallium 


T1 

204*0 


H 

1*008 

Thorium 


Til 

232*15 


In 

114*8 

Thulium 


Tm 

168*5 


I 

126*92 

Tin 


Sn 

118*7 


Ir 

193*1 

Titanium 


Ti 

48*1 



55*84 

Tungsten 


W 

184*0 


Kr 

82*92 

Uranium 


U 

238*2 


La 

139*0 

Vanadium 


V 

51*0 


Pb 

207*20 

Xenon . 


Xc 

130*2 


Li 

6*94 

Ytterbium 


Yb 

173*5 


Lu 

175*() 

Yttrium. 


Yt 

89*33 


Mr 

24*32 

Zinc 


Zri 

65*37 


Mn 

54*93 

Zirconium 


Zr 

90*6 


Hr 

200*6 






^ Eadium emanation. 
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The Connection between Various Hydrometer Scales and the 
True Specific Gravities of Liquids. 

In England, for technical purposes, Twaddelhs hydrometer is often 
employed. This applies to liquids heavier than water. 

The relation between degrees Twaddell and true specific gravity 
is such that 0° T. corresponds to a specific gravity of 1, while the 
general formula is— 

I + 100 

cl = ——, or n = 200 {d - 1) 

where d — true specific gravity 
and n ~ degrees Twaddell. 

Twaddell’s hydrometers are, perhaps, based upon a more rational 
system than most of the other hydrometers. The determinations 
should be made at 15*5°. 

In France, Baum^'s hydrometers are in general use. For liquids 
heavier than water a hydrometer which sinks to 0° in pure water 
and to 10° in a 10 per cent solution of common salt, both at 17*5° C, is 
employed and a uniform scale engraved on the stem.^ 

For liquids lighter than water, an instrument which sinks to the 
zero point in a solution of one part of common salt in nine parts of 
water, and to a point marked 10° in pure water, is constructed and the 
graduation extended as before. 

Baum6’s hydrometers are purely empiric, and have nothing to re¬ 
commend them; it is desirable that they should be abolished, but 
inasmuch as they are still extensively used in France and, to some 
extent, in America, it may be advisable to give the connection between 
their readings and true specific gravity. 

The following formulae connect together these values;— 


For liquids heavier For liquids lighter 

than water. than water. 


At 

12-6'’ C. 

d = 

145-88 

cl - 

145-88 

145*88 - n 


185*88 + n 

At 

15° 0. 

d = 

146-3 

. d = 

146-3 




146-3 — n 

136-3 + % 

At 

17-5° 0. 

d = 

146-78 

d = 

146-78 

146*78 - n 


136-78 + n 


Other hydrometers are employed for special purposes. The prin¬ 
cipal ones in use are given in the following table:— 


iMost of the modern Baum6's instruments are so construoted that in water 
they read 0® at 15° 0, and in sulphnho acid of speolfio gravity 1*8427 they read 66®. 
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Hydrometer. 


Liquids heavier 
than water. 


Liquids lighter 
than water. 

Brix (Prussian) 
at 12-5° E. = 15-62° 

d 

_ 400 


400 

4 () 0 - n 

LL 

400 -f 12r 

Balling 

d 

200 

d 

200 

200 ~ n 

200 iz 

Gay-Lussac, at 4° C. 

d 

100 

d 

100 


1 

o 

o 

rH 

100 + 'll 

Beck, at 12*5 C. . 

d 

170 

~ 170 -n 

cl 

170 

" 170 + 7t 

Cartier, at 12*5° C. 

d 

136-8 

d 

136-8 

12 6 T - n 

126T + n 


Conversion op Temperatures from one Thermometric Scale 

TO Another. 

In this book all temperatures are stated in the Centigrade scale, 
and it is to be regretted that the Fahrenheit thermometer is still 
commonly employed in England. Though the relationship between 
the two is comparatively simple, it is troublesome and confusing to 
have two scales in use. It is perhaps hardly necessary to state here 
that the interval of temperature between the melting-point of ice and 
the maximum condensing temperature of saturated aqueous vapour at 
the normal pressure is divided in the Centigrade scale into 100 equal 
parts or degrees, in the Fahrenheit scale into 180 degrees, and that 
the scale commences from the melting-point of ice in the former, but 
from a point 32° below this temperature in the latter. Hence the 
equations— 

° C. = ^ r P. - 32) 
and ^ F - I C C- + 32). 

Though these formulaj are simple enough and easily remembered, 
when many conversions have to be made they are troublesome. A 
graphical method of connecting.the two has been found very conveni¬ 
ent in practice, and the diagram on p. 408 will be useful, as it enables 
a temperature expressed in either scale to be converted into the cor¬ 
responding temperature in the other scale, without the trouble of in¬ 
terpolation. The graduations extend from - 85° C. ( - 31° F.) to 
145° C. (293° F.) commencing in the lower left-hand corner and in¬ 
creasing in all cases as the stem is-ascended. 
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Table op the Solubilities of Various Salts in Water. 

The following table, giving the solubility of certain salts used in 
agriculture, may be useful. One hundred parts by weight of water, at 
the temperature stated, dissolve the following parts by weight of the 
various salts ^:— 



At 10°. 

At 100°. 

Alum, ammonia, (NH 4 ) 2 S 04 . Al2(S04)3. 24 H 2 O 
,, potash, K 2 SO 4 . AlaiSOJ;,. 24 H 2 O . 
Ammonium chloride, NH 4 CI 

,, sulphate, ^ 114)2804 . 

Borax, Na^B 407 . IOH 2 O. 

Boric acid, H 3 BO 3 . . . . . 

Calcium carbonate, GaCO;, 

,, ,, (in water saturated with 

OO 2 at 21 °) ..... 

Calcium hydrate, CaH 20.2 .... 

„ sulphate ,2 CaS 04 . 2 H 2 O . . 

Copper sulphate, OUSO 4 . bHgO 

Ferrous sulphate, FeS 04 . THgO 

Magnesium sulphate, MgS04. 7 H 2 O 

Potassium carbonate, K^COj, .... 

„ chloride, KCl 

,, nitrate, KNOjj 

„ sulphate, K 2 SO 4 

„ chloroplatinate, KgPtClfi 

Sodium bicarbonate, NaHOO;! 

,, carbonate, NagOO/ ... 

„ „ Na 2 CO,. 10 H 2 O. . . 

„ chloride, NaCl. 

„ nitrate, NaNOy. 

„ phosphate, Na 2 HP 04 . 12 HoO . 

„ sulphate, Na 2 S 04 , lOPLO . 

,, ,, Naj^BO,! .... 

9*2 

9*5 

33*8 

78 0 

4*6 

2*9 

about 0'0013 

0099 

0177 

0*246 

860 

84 5 

96*0 

1090 

82 0 

21-1 

9*7 

0*9 

8-15 

12-06 

40*9 

86*8 

80*1 

about 9 

about 23 

9*0 

422*0 

357*5 

77*3 

103*3 

201*4 

34*0 

? 

0*0766 

0*182 

203 2 

122 0 

670 0 

156*0 

66*0 

247*0 

26-2 

5*2 

decomposes 

45-4 

5380 

39*8 

180*0 

/ melts be- 
\ low 100 ° 
241*0 

42*5 


The British and Metric Systems of Units of Length, Area, 
Volume and Weight. 

The inconvenience and cumbrousness of our British system of 
weights and measures have too often been pointed out to need further 
reference here; but in agricultural matters, perhaps, more than in 
other commercial branches, the inconsistencies of the current systems 
of units are strikingly evident. In addition to the disadvantages 
common to all our measures and weights, there are such anomalies as 
selling grain nominally by volume p)ushels and (juarters) and then 

^ Taken chiefly from Oomey—A Dictionary of Solubilities, lb90. 

^ Most soluble in water at ; 0*279 part then dissolve. 

8 Is mwt soluble about B 8 ®, when 100 parts of water dissolve 51*67 parts of the 
anhydrous salt or 1142 parts of the soda crystals. 

^ Is most soluble about 88 ^, when about 412 parts of the decahydrafced or 50*6 
of the anhydrous salt dissolve. 
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fixing definite weights for these volumes, necessarily different for dif¬ 
ferent kinds of grain, and what is even worse, diferent in different 
districts. However, custom in these matters is so powerful that it 
will probably be long before such anomalies are abolished. 

The fundamental units and method of decimal multiples and sub¬ 
multiples of the metric system are doubtless sufficiently familiar 
already to the reader. The connection between the metric units of 
length, area, volume and weight and those of the British system will 
therefore only be given here :— 


1 metre 
1 kilometre 
or 

1 inch 
1 foot 
1 yard 
1 mile 


Units of Length. 

- 39-3708 inches = 3*2809 feet = 1-0936 yards. 
= 3280*9 feet - 1093*63 yards - 0*62138 mile. 

= 2*53995 centimetres. 

== 0*30479 metre. 

= 0*91438 metre. 

= 1*609315 kilometres. 


Units of Area. 


1 sq. metre 
100 sq. metres 
1 are 

10,000 sq. metres 
1 hectare 
or 

1 sq. inch 
1 sq. foot 
1 sq. yard 
1 acre 


= 1550 sq. inches = 10*764 sq. feet = 1*196 sq. yards. 
= 1076*4 sq. feet = 119*6 sq. yards = 0*0247 acre. 

= 11960 sq. yards — 2*4711 acres. 

== 6*45137 sq. centimetres. 

= 9*290 sq. decimetres == 0*0929 sq. metre. 

==* 0*8361 sq. metre. 

= 0*40467 hectare = 4046*7 sq. metres. 


Units of Volume. 


1 cub. centimetre 
1 cub. decimetre 
1 litre 
1 hectolitre 


= 0*061 cub. inch. 

= 61*028 cub. inches = 1*76 pints = 0*22 gallon. 

= 6102*8 cub. inches = 176 pints = 22 gallons 
= 2*7512 bushels. 


1 cub. metre 
1 kilolitre 
1 stere 
or 

1 cub. inch 
1 cub. foot 
1 pint 
1 gallon 
1 cub. yard 
1 bushel 


I = 6102*8 cub. inches = 35*317 cub. feet = 1*308 cub* 
J yards = 220*09 gallons = 27*512 bushels. 

= 16*3862 cub. centimetres. 

= 28*3153 litres. 

== 567*98 cub. centimetres. 

= 4*54346 litres. 

= 0*7645 stere = 764*513 litres. 

= 36*3477 litres. 
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Units of Weight, 


1 gramme = 15*43235 grains = 0*035274 ounce avoir¬ 

dupois. 

1 kilogram = 35*2739 ounces av. == 32*1507 ounces. 

troy = 2*2046 pounds avoirdupois. 

low KSo?“ms } - 

or 


1 ounce, avoirdupois 
1 ounce, troy 
1 pound, avoirdupois 
1 hundredweight 
1 ton 


= 28*3495 grammes. 

= 31*1035 

= 453*593 
= 50*802 kilograms. 

= 1016*05 


On the Continent, crop yields or manurial dressings are frequently 
expressed in kilograms per hectare ; in England, in pounds or tons per 
acre. The following connection between the two systems may there¬ 
fore be found useful:— 


To convert kilograms per hectare into pounds per acre, multiply 
by 0*89222. 

To convert pounds per acre into kilograms per hectare, multiply 
by 1*1208. 

To convert kilograms per hectare into tons per acre, multiply by 
0*0003984, 

To convert tons jier acre into kilograms per hectare, multiply by 
2510*9. 

To convert hectolitres per hectare into bushels per acre, multiply 
by 1*113. 

To convert bushels per acre into hectolitres per hectare, multiply 
by 0*899. 

The number of systems of weights and measures used in England 
in various trades is so large that the ordinary person finds consider¬ 
able difficulty in clearly understanding the amount represented by a 
stated figure when it applies to a product with which he may not be 
familiar. Thus in weight, the only unit which is the same in all the 
various systems is the grain. 

By 1 lb. in troy weight is meant 5760 grains. 

1 lb. avoirdupois 7000 grains. 

1 lb. apothecaries’ weight 6760 grains. 

So, too, the ounce is different 


in troy weight it is 
„ avoirdupois „ 


5760 

7000 


480 grains, 
437i n 


The following tables may prove useful:— 
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Troy Weight. 

4 grains = 1 carat.^ 

6 carats = 1 pennyweight. 

20 pennyweights = 1 ounce. 

12 ounces = 1 pound. 


Avoirdupois Weight. 

[27*34375 grains = 1 dram.l 

16 drams 
16 ounces 
28 pounds 
4 quarters 

20 hundredweights = 1 ton. 

A stone is 14 lb. in general, but only 8 lb. in the London Meat 
Market (14 lb. of “live weight” of beef will yield about 8 lb. of 
actual beef) and 5 lb. as applied to glass. 


1 ounce. 

1 pound. 

1 quarter. 

1 hundredweight. 


Apothecaries' Weight. 
20 grains = 1 scruple. 
3 scruples = 1 drachm 
8 drachms = 1 ounce. 
12 ounces = 1 pound. 


Apothecaries' Measure. 

60 minims = 1 fluid drachm. 

8 fluid drachms = 1 fluid ounce. 

20 fluid ounces == 1 pint. 

One fluid ounce of water at 60° F. weighs 437*5 grains, so that 
1 minim of water weighs 0*911458 grain. 


Wool Weight. 

7 pounds = 1 clove. 

2 cloves = 1 stone = 14 lb. 

2 stones = 1 tod = 28 lb. 

6 ^ tods = 1 wey = 13 stones. 

2 weys == 1 sack = 26 stones. 

12 sacks = 1 last = 312 stones. 

20 pounds = 1 score. 

12 scores == 1 pack = 240 lb. 


Cheese and Butter Weight. 

8 pounds = 1 clove. 

16 pounds = 1 stone. 

56 pounds = 1 firkin of butter. 

84 pounds = 1 tub ,, „ 

224 pounds = 1 barrel „ „ (4 firkins). 

^ The carat used in weighmg diamonds, however, is 3-16881 troy grains. In 
1913 the legal standard of weight for precious stones was ordained to be the 
metne carat of 200 milligrams (= 3*08647 grains). 
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Glas8 Weight. 

5 lb. ~ 1 stone. 

24 stones = 1 seam. 

Hdy and Straw Measure. 

36 pounds = 1 truss of straw. 

56 pounds == 1 truss of old hay. 

60 pounds = 1 truss of new hay. 

36 trusses = 1 load. 

1 load of new hay weighs 19 cwt. 32 lb. 

1 load of old hay ,, 18 cwt. 

1 load of straw ,, 11 cwt. 64 lb. 

Dry Measure. 

4 gills = 1 pint. 

2 pints = 1 quart. 

4 quarts = 1 gallon = 277*274 cub. inches. 

2 gallons = 1 peck. 

4 pecks = 1 bushel = 1*28368 cub. feet. 

8 bushels = 1 quarter = 10*2695 cub. feet. 

2 bushels = 1 strike. 

4 bushels = 1 coomb. 

2 coombs = 1 quarter. 

36 bushels = 1 chaldron. 

5 quarters ~ 1 wey or load. 

2 weys = 1 last. 

A standard bushel is a cylinder 19-| inches in diameter and 
inches deep. 

Its capacity is 2218*192 cub. inches. The imperial gallon con¬ 
tains 277*272 cub. inches. 

The cran is a measure used for fresh herrings, it has a capacity of 
37^ gallons or 10397*775 cub. inches. 

Ale and Beer Measu^re. 

2 pints = 1 quart. 

4 quarts = 1 gallon. 

9 gallons =» 1 firkin. 

2 firkins *= 1 kilderkin. 

2 kilderkins = 1 barrel = 36 gallons. 

I*!- barrels « 1 hogshead == 54 gallons. 

2 barrels == 1 puncheon. 

3 barrels « 1 butt. 

Wine Measure. 

4 gills «* 1 pint. 42 gallons =» 1 tierce. 

2 pints » 1 quart. 63 gallons = 1 hogshead. 

4 quarts * 1 gallon. 2 hogsheads == 1 butt or pipe. 

10 gallons = 1 anker. 2 pipes = 1 tun. 

18 gallons « 1 runlet. 

The wine gallon is smaller than the imperial gallon, being equal to 
about 0*8330 imperial gallon. A pipe of wine = 105 imperial gallons. 
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Long Measure. 

12 inches == 1 foot. 

3 feet = 1 yard. 

5-J- yards = 1 rod, pole or perch. 

40 poles == 1 furlong. 

8 furlongs = 1 mile. 

3 miles = 1 league. 

3 barleycorns = 1 inch. 

3 inches == 1 palm. 

4 inches = 1 hand. 

9 inches = 1 span. 

2 ^ feet = 1 military pace. 

5 feet — 1 pace. 

6 feet = 1 fathom. 

92 inches = 1 link. 

25 links => 1 pole = 16|- feet. 

4 poles = 1 chain = 66 feet. 

1 mile or knot = 2026*6 yards = 1 minute of long! 




Llautical Measure. • 

1 fathom. 

1 cable’s length = 720 feet = 240 yards. 

1 knot or nautical mile = 6080 feet = 2026*6 ya; 
1 sea league. 

1 degree of the meridian = 69*121 statute miles. 
Gunter's Chain Measure. 

1 . Linear. 

7*92 inches. 

16-^ feet = 5-^ yards = 1 pole. 

1 chain = 4 poles = 66 feet. 

1 furlong = 220 yards. 

1 mile = 1760 yards = 5280 feet. 

2 . Square. 

a 62*7264 square inches. 

= 1 square pole. 

= 1 square chain = l6,000 square links* 

= 1 acre = 4 roods. 

= 1 square mile. 

Land Measure. 

1 isquare foot, 

1 square yard. 

1 rod, pole of perch. 

1 rood. 

1 acre. 

1 square mile. 


6 feet 

120 fathoms 
1013|- fathoms 
3 knots 
20 leagues 


llink 
25 links 
100 links 
10 chains 
80 chains 


1 square link 
625 square links 
16 square poles 
10 squIEre chains 
6400 square chains 


144 square inches 
9 square feet 
30J square yards 
40 rods, poles or perches 
4 roods (4840 square yards) 
640 acres 
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Archaic Terms. 

30 acres = 1 yard of land. 

100 acres = 1 hide of land. 

40 hides = 1 barony. 

The above list by no means exhausts the methods that are in 
use, commercially, for the buying and selling of commodities. 

A very large number of other units are in common use in various 
trades, e.g., “piece,” “case,” “last,” “barrel,” ‘‘bag,” “fother,” 
“warp,” “ bale,” etc., nearly all of which have a different meaning as 
applied to various commodities. 

In the cases given, the pound refers to the avoirdupois pound of 
7000 grains, excepting in troy and apothecaries* weight. 

It is clearly absurd to attempt to burden one’s mind with such an 
array of figures, which are only quoted here in the hope that they 
may save trouble by being available for ready reference. 

It is obviously highly desirable that all these empiric tables should 
be abolished and that all commodities should, by law, be sold by some 
fixed standards of weight and volume. 

An act of 1897 legalised the use of the metric system of weights 
and measures in this country, but it appears that until compulsion is 
resorted to, it is not likely to become general. 

The only strong objections to the general adoption of a decimal 
system for weights, measure and money are that 10 does not lend itself 
to easy halving, and halving (as is the case with 8 or 12), and an 
admitted weakness in the human mind to “split the difference” in 
bargaining. But, inasmuch as the civilised.world has accepted 10 as 
the basis of notation in arithmetic, it seems evident that the only 
rational thing to simplify accounts would ‘ be to adopt the decimal 
system in all measurements, and in money. 


The End. 


23 
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Abba’s test for arsenic, 388. 

Acetic acid, 16, 209. 

Acetylene, 15. 

Acids, amino-, 124, 221. 

— bile, 301. 

— fatty, fermentation of, 124. 

-saturated, 209. 

-iiriaaturated, linoleic senes of, 

209. 


-oleic series of, 209. 

-propiolic series of, 209. 

— in butter-fat, 340. 

— organic, 211. 

— resin, 57. 

Acrolein, acrylic acid, 342. 
Adamkiewicz’s reaction, 223. 

Adams’s method of fat estimation, 876. 
Adoriite, adonitol, 196, 204. 

Adsorption, 61. 

Aerobic organisms, 125. 

Aosculin, 208. 

Agroceidc acid, 67. 

Agrosterol, 57. 

Air as agent in soil-formation, 49. 

V. Atmosphere. 

Alanine, 221. 

Albite, 48. 

Albumin in milk, S44. 

— — composition of, 345. 
Albuminoid ratio, H15, 320. 

Albuminoids in plants, 220. 

— in milk, 842. 
digestible, in fodder, 270. 

~ in foodstuffs, SIT. 

~ — unit value of, SS4. 

Albumins, 221, 224. 

Alcoholic fermentation, 198. 

Alcohols, carbohydrate, 204. 

Aldehydes, 216, 

Aldoses, 198. 

Aleurone ^ins, 220. 

Alimentary canal of various animals, 
808. 

“ Alinit,” 75. 


Aliphatic compounds in essential oik, 
217. ' 


Alkaloids, 226. 
Allantoin, 226. 


I Ally! isotliiocyanafca, 217. 

' — sulphide, 217. 

Almond, 259. 

Almond-nut cake, 308. 

Aluminium, 20. 

— phosphate, 154. 

Amandin, 223. 

Amber, 218. 

Amides, definition of, 16. 

Amino-acjids, 221. 

;-formation of, in farmyard nuK 

i nure, 124. 

I Amino-coinpoundH, fernumtation of, 124.. 
-simpler, 224. 

- — function of, in animals, 226,, 

325. 

— --- *224. 

Ammonia, dekjrmination of, in hoH, 105. 

— - in atmoH|)h(5r(5, 32. 

— in rainfall, 33, 34, 

— oxidation of, by bacteria, 72. 
Ammoniacal copiasr c.arl)onak}, 394. 

; — fermentation of farmyard mamirc*, 
j 125. ’ 

I Ammoniacum, gum, 218. 

I Ammoiiio-copper sulphate i>. “ Eau ee- 

I leste ”, 

! Ammonium carbamafcrs, 125. 

— (Uirhonate in soils, 72, 90, 

— citrate, solubility of phosphoric, acid 

in, 154, 162. 

— nitrate, 151. 

— sulpiiate, 146, 177. 

— compared with Hodium nitrate* 

177. ' 

— — production of, 14H. 

Amygdalase, 228. 

Amygdalin", 208, 218, 227. 

Amylodextrin, 201. 

Amyloid, 203. 

Amylopsin, 299. 

Anabolism, 284. 

Anaerobic organisms, 125. 

Analysis of foods, 282. 

of manures, 183. 

— of milk and milk prodtuds, hlih 

— of soils, 92. 

— --- examplos of, 111. 

— — intmTorotatiou of rcsulti of, 
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Anhydrite, 19. 

Animal body, 285. 

-chief parts of, 285. 

Animals, bodies of, composition of, 286. 

— excreta of, 116. 

-composition of, 118. 

Anisic aldehyde, 216. 

Annatto, 385. 

Anthocyanins, 231. 

Antiseptic, definition of, 395. 

Ants, ant-heaps, 50. 

Apatite, 17, 19, 21, 153. 

Apiol, 216. 

Apples, 259. 

Apocrenic acid, 56. ' 

Apricot, 259. 

** Appeal to the cow,” 359. 

Araban, 196. 

Arabic acid, arabin, 203. 

Arabinose, 193, 196. 

— production of, from gums, 203. 
Arabinosic acid, 203. 

Arabinulbse, 193. 

Arachis oil, 256. 

Arbutin, 208. 

Arginine, 222. 

Argon, 29. 

Aristotelian ** elements,” 2. 

Arragonite, 44. 

Arsenic, 28. 

Arsenious oxide, 388. 

Artichokes, 270. 

Asafoetida, gum, 218. 

Asbestos, 44. 

Ash constituents of blood, 286. 

-of foods, 329. 

--of milk, 346. 

— determination in crops, 283. 
Asparagine, 124, 225. 

Aspartic acid, 222. 

Assimilation in plants, 240. 

Atmosphere, accidental gases in, 37. 

— composition of, 27. 

— extent of, 25. 

— height and pressure of, 25, 26, | 

—T- impurities in, 37. 

— physical properties of , 25. 

— solid matter in, 39. 

Atomic weights, table of, 405. 

Augite, 44. 

Availability of foodstuffs, 311. 

Available phosphoiic acid, 102. 

— plant-food in soils, 101. 

— potash, 102. 

Avocado pear, 261. 

Azotobcbot&r chroococmm^ 75. 

B. 

Bacillus amylohaeter^ 126. 

— hulgaricm, 372. 
t-w cllmhachmsis^ 75. 


Bacillus fluorescens, 71. 

— inycoides, 71, 72. 

— nitrator^ 73. 

— radicocola, 77, 174. 

— tuberculosis, 374. 

Bacon, Lord, 3. 

Bacteria, aerobic and anaerobic, 125. 

— classification of, 71. 

— denitrifying, 79, 80. 

— in animal intestines, 299. 

— in milk, 372. 

— in soil formation, 51. 

— in soils, 69. 

— nitrifying, 71. 

— nitrogen-fixing, 75. 

Bacterial activity, measurement of, 106 
Bacterium denitrificans, 80. 

Balsams, 218. 

Banana, 261. 

Barium in soils, 23. 

Barley, 251. 

— by-products from, 309. 

— “ pearl,” 251. 

Barometric formula, 26. 

Basalt, 45, 

Basic slag, 160, 180. 

— — analysis of, 188. 

-citrate-solubility of, 163, 

-production of, 163. 

— superphosphate, 159. 

Bats’ guano, 133. 

Beans, 255. 

~ field, 255. 

Beecher, 2. 

“ Beestings ” v. Oolostmm. 

Beet, sugar, 267. 

Benzaldehyde, 216. 

Benzene derivatives in essential oils, 216. 
Benzoic acid, 217, 882. 

Bessemer process, 160. 

Betaine, 225 
Bile, 800. 

— acids, 800. 

— pigments, SOI. 

Bilipurpurin, 301. 

Bilirubin, 301. 

Biliverdin, 801. 

Biology of soils, 69, 

Biose, 192. 

Biuret reaction, 223. 

Bim Orellana v. Annatto. 

Blackberry, 259. . 

Black currant, 259. 

Black, Joseph, 1, 5. 

Bleaching powder, 890. 

Blood, 286, 

— ash of, 286. 

— as manure, 185. 

— functions of, 288, 2B9. 

— gases of, 288. 
plasma, 286. 

— serum, 286. 
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Boer manna, 254. 

Bone ash, 1.^7. 

— black, 187. 

—- earth, 46. 

Bones, 291. 

— ash of, 292. 

— as manure, 136. 

— ‘‘dissolved,” 137, 158. 

Borax, as preservative, 374, 882. 

“ Bordeaux mixture,” 898. 

Boric acid, as preservative, 374, 882. 
Borneol, 215. 

Boron, 21. 

Boussingault, 6. 

Boyle, liobert, 1. 

Bracken, dried, as litter, 122. 

“ Brak ” soils, 41, 68. 

Bran, 309, 331. 

— di84‘aae, 831. 

Brassic acid, 2(K1 
Brewei's’ grains, 809. 

Brie cheese, 368. 

“ Britisli gum,” 201. 

British system of weights and incfisures, 
409. 

Bromine as disinfectant, 895. 

Broom corn, 254. 

Brucine, as nitrate ttist, 105. 
Buckwheat, 256. 

Bull ace, 259. 

Bunt, 891. 

Ihitter, 864. 

. analysis of, 888. 

— colouring, 885. 

— fat, 889. ■ 
milk, 866. 

... “ pickled,” 865. 

.. “ process,” 8fl6. 

•— rancidity of, 842, 866. 

— “ renovated,” 866. 

Bufeyria acid, 209, 840. 

Bye-pmducts from breweries and dis- 

tilleries, BOS. 

.- ... milling of cereals, 809. 

........ oil-seeds, 805. 

— sfcaroh mamifsctiiM, 808. 

— sugar manufacture, aw. 

C 

Ofthbages, 278. 

Cladaverine. 876. 

•Oadinemi, 2l6, 

Oaieine, 181, 227. 

Cakes, oil-, t. Oil-cakes. 

Calamine, 22. 

Caloit©, 44. 

Calcium, 19. 

-- carbon akj, 44. 

- fmtion of in nitrification, 74. 

— estimation of, in soils, ICK). 
eyanamide, 149, 179. 


Calcium, fluoride, 21, 157. 

— functions of, in plants, 219. 

— nitrate, 150, 179. 

— oxalates, 212. 

— phosphate, action of, in curdling 

milk, 848. 

-in blood, 287. 

-in milk, 843. 

— sulphate, 19, 46, 170, 

Caliche, 21, 148. 

Calorific powers, table of, 12. 

Calves, standard rations for, 827, 
Garncunbert checs(*, 868. 

Camphor, 216, 

Cami)hors, 215. 

Canada balsam, 21H. 

Cane-sugar, 199. 

Capillary tubes in soil, 64. 

Capric acid, 209, 810. 

Gaproic acid, 840. 

Caprylic acid, 840. 

Caramel, 199. 

Carbamide v. Brea. 

Carbaw)l(% 10.5. 

Carbohydrate ah-.ohols, 204. 
Carbohydrates, 192. 

- dig<;Hbibl(', in fiKKlstuffs, 815, 
i Carbolic acid v, Bhcnol. 

I Carbon, 14. 

i difjxide in atm(jsph<*r(», 80. 
in blood, 2HH. 

i . production of, by fermimtatlou, 

j 19H. 

i— .... rakj of absorption of, l>y Hunllower, 

UH. 

— (liKulittiidfl, ttH tlininfiu-UHt,!(!«(, 

— as inMcoticlde, 4fKk 
C&rnalfite, 165. 

Garni ne, 298. 

Carnot, 270. 

Oarrokme, 229, 270, 

Oarvaertil, 216. 

Oarvone, carvol, 216. 

Oaryophyllone, 215. 

Gasoin, 842. 

— coagulation of, 848,1167, 878. 

Oamiinio acid, 222. 

I Oamnuogctt, 842. 

^ Cast-iron, inanufactuni of, 160. 
Oasfcor-sciid cako, W. 

Oasfeor-sficds, 257. 

Catalytic inanums, 172, 

Catch orom, 174. 

Cattle-^ Ii0k»,” 881. 

Cavendish, Henry, 1, 5, 150. 

Cedrott©, 215. 

Cellulose, 

— homi-, 

— ligtto-, 206. 
nitro-, mi, 

— thiocarls)nati% 208. 

Centrifugal aiftiori ort tni Ik, II77. 
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Cereals, 248. 

Chabazite, 62. 

Chalk, 19, 44, 170. 

Oharlock'Sprajhng, 392. 

Cheddar cheese, 368. 

Cheese, 367. 

— analysis of, 385. 

— composition of, 369. 

Cheeses, hard, 368. 

— soft, 367. 

Chemical analysis of soils, limitations 
of, 101. 

— constituents of plants, 192. 
Chemistry, organic, meaning of, 16. 
Cherry, 259. , 

Cheshire cheese, 368. 

Chick pea, 265. 

Chili saltpetre, 142. 

China clay, 20. 

Chinovose, 196. 

Chloride of lime v. Bleaching powder. 
Chlorine, 20. 

— as disinfectant, 390, 395. 

— function of, in plants, 219. 

— in rain-water, 40, 83. 

Chlorite, 44. 

Chlorophyll, 229. 

— assimilation in relation to, 240. 

— crystalline, 230. 

— relation of, to hsematin, 230, 288. 
Chlorophyllase, 230. 

Chlorophyllin, 229. 

Oholalic acid, 301. 

Cholesterol, in bile, 301. 

— in blood, 286. 

— in cheese, 370. 

— in milk, 341. 

Choline, 225. 

— in cotton-seed cake, 3C6. 
Chrdinoproteins, 221. 

Churning, 364. 

Chyme, 297. 

Ohymosin, 296. 

Cinnamic acid, 217. 

— aldehyde, 216. 

Citral, 217. 

Citric acid, 212. 

-in milk, 347. 

Oitronellol, citronellal, 217. 

Clay, 20. 

— as soil constituent, 63. 

— composition of, 44. 

Clostridium Pasteuricmum, 76. 

Clot of blood, 286. 

Clover, 271. 

— action on, of micro-organisms, 273. 

— composition of, as silage, 276. 

Clover sickness,” 271, 280. 

Goal, 46. 

— ash, 140. 

Cobbett, Wm., 4. 

Cocoa-nut cake, 308. 


Coffee grounds, 310. 

Collagen, 295. 

Collodion, 203. 

Colloids, 237. 

Colostrum, 349. 

Columella, 1. 

Combustion, heat of, 11. 

— slow, 13. 

Common salt as manure, 168. 
Condensed milk, 370. 

Condy’s fluid, 397. 

Conglomerates, 48. 

Coniferin, 208. 

Coniine, 226, 

Conjugated proteins, 221. 

Connective tissue, 294. 

Contact poisons, 400. 

Copal, gum, 218. 

Copper hydroxide v. “ Bordeaux mix¬ 
ture 

— occurrence of, in plants, 23. 

— salts as fungicides, 398. 

— sulphate, action of, on crops, 170,. 

391, 398. 

-as. disinfectant, 394. 

-as fungicide, 391. 

-destruction of charlock by, 392, 

Coprolites, 17, 46, 154. 

— composition of, 154. 

Corn-oil cake, 307. 

Corpuscles, colourless, of blood, 288* 

— red, of Wood, 287. 

Cotton, 256. 

— mercerised, 202. 

— seed cake, 306. 

Coumarin, 275. 

Cova, 142. 

Cow-pea, 176, 255. 

Cows, dairy, rations for, 827. 

— excrement of, analysis of, 118. 

— standard rations for, 827. 

Cows’ milk, 347. 

Cream cheese, 367. 

— “ clotted,” 368. 

— “ ripened,” 365. 

— separation of, from milk, 862. 

— speoiflo gravifsy of, 368. 

— variation in composition of, 868, 
Creasol, creosol, 397. 

Oreasote, creosote, 397. 

Creatine, in blood, 286. 

— in muscle, 293. 

Creatinine, SOS. 

Orenio acid, 66. 

Oresol, para-, 800. 

Oresyl sulphuric acid, 804. 

Crops, classes of, 248. 

— fodder, 271. 

-composition of, 272. 

— grain, 248. 

— leguminous fodder, 271* 

—- — seed, 266, 
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Crops, meadow and pasture, 271. 

— method of analysing, 282. 

— root, 265. 

—‘ rotation of, 279. 

— seed, 256. 

Grotonic acid, 209. 

Crude fibre, estimation of, 283, 

Crum-Fra nkl and method of nitrate 
estimation, 104. 

Crystalline clilorophyll, 230. 

— forces, effect of, on soils, 48. 
Crystalloids, 236. 

Cucumber, 263. 

Curd, 367. 

Cyanamide, 149. 

Cyanogonetic glucosides, 227. 
Gyano-guanidine, 149. 

Gymene, 216, 

Cysteine, 221. 

Cystines 222. 

D. 

Dairy cows, rations for, 327. 
Damaraland guano, 130. 

Dammar, gum, 218. 

Danish cheoscs 368. 

Denitrification, 79. 

Dent corn, 252. 

Denudation, 42. 

Deodorisers, 395. 
do Saussurc, 6, 7. 

Dextran, 201. 

Dextrin, 201. 

Dextrose /j. Glucose, 194, 198. 

Dhurra, 254. 

Dhurrin, 208, 228. 

Dialysis, 236. 

Diastase, 199, 202. 

Dicalciurn pliosphate, 154. 

Di cyanamide, 149. 

Dicyano-diamida, 149. 

Diffusion, 236. 

— in soil, 63. 

Digallic acid, 212. 

Digested food, absolution of, 302. 
Digestibility of foods, 310. 

Digestible constituents of foods, 816. 
Digestion, 295. 

-- coafficients, 812. 

I)ihydroxy-stearic acid, 57, 840. 

DIorite, 45. 

DIs&ccharo-sas, 194, 199. 

configuration of, 195. 

Disinfectants, 395. 

Digsoclation, electrolytic theory of, 86. 
Disbille’O^ waste, 809. 

Double sulphate of magnesium and 
jiotassium, 167. 

Drainage water, composition of, 85. 

losses through, 88. 

Dried blood as manure, 185, 


Dried grains as food, 309. 

Dulcitol, 205. 

Dundonald, Earl of, 4. 

Dung of bats, 183. 

— of birds, 131. 

— of farm animals, IIH. 

Dyer’s method of soil analysiH, 102. 

E. 

Eartli, composition of felicj, 23. 

Earth-nut cake, 307. 

Earth-worms, 49, 

Kau-Citieste,” 894. 

Edam cheese, 868. 

Edestin, 260. 

Elastin, 295. 

Elderberry, 228, 

Electrolytic theory of disBciciation, 8G. 
Elcmeuts, fiinctions of inorganic, in 
plants, 218. 

— of importance in agricnilture, 10. 

— of minor importance! in agtlculture, 

21 . 

- relative almndancts of, 28. 

Elemi, gum, 218. 

Emulsin, 218, 228. 

Ensilage th Hilago, 275. 

Enterokinase, 299. 

En/.yme a(5tion during ^nnnination, 234, 
EnxyrncH, imtion of, on fcHul, 297. 

' in pancreatic juice, 299. 

Erythrifcol, 196, 204. 

Esscmtial oils, 213. 

— components of, 214. 

“““ — containing sulphtir, 217. 

Eugenoi, 216, 

Excreta of animals, 117, 

^ composition of, 118. 

Extracts of meat,” 294. 

F. 

Eficces of animals, 802. 

“ Fairy.rings,” 70. 

B’arm.yard manure, 116, 173. 

— — a<!tion of large dr€:i»i4hig of, on soil, 

79. 

analyses of, 124. 

^ fermentation of, 123* 

— -- gases evolved in fiirnieiifcafcian of, 

126. 

— — ingredients of, 1111. 

— •— pnmjfvation of, 127. 

Fat, ektennination of, in C!m|»i atid 
foodstuffs, 2BB. 

— digestible, unit valu-ii <*f* 334. 

»- of milk, 339. 

Fats, action of bile on, . 

-- and waxes, 208. 

— constitution t>l, 16, 20B, 

Fatty fcii^uc, 293. 
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Feathers as manure, 138. 

Feeding experiments, 321. 

— standards, 327. 

— value, relative, of various foods, 324. 
Fehling’s test, 381. 

Felspar, 20, 43. 

Fermentation, alcoholic, 198. 

— ammoniacal, in farm-yard manure, 

125. 

— cellulose, in farm-yard manure, 126. 

— lactic in milk, 346. 

— of amino-compounds in farm-yard 

manure, 124. 

— of carbohydrates, in farm-yard man¬ 

ure, 126. 

— of fatty acids, in farm yard manure 

124. 

— putrefactive, in farm-yard manure, 

124. 

— sulphuretted hydrogen, in farm-yard 

manure, 125. 

— of farm-yard manure, 123. 

Ferments unorganised, 199. 

Ferric oxide in soil, determination of, 99. 

— phosphate, 154. 

Ferrous sulphate as fungicide, 401. 

■— — as manure, 170. 

Fibre v. Crude fibre, 283. 

Fibrin ferment, 287. 

— in milk, 345. 

Fibrinogen, 286. 

Field beans, 255. 

Fig, 264. 

“Filled cheese,” 370. 

“ Finger and toe,” 280. 

Fish guano, 134. 

Flax “ bols,” 310. 

— linseed, 257. 

Flint, 20. 

— corn, 252. 

Flowers, formation of, in plants, 246. 
Fluorides in milk, 383. 

— in phosphates, 157. i 

Fluorine, 21. 

Fluosilicates in milk, 383. 

Fluospar, 21. 

Fodder crops, 271. 

-composition of, 272, 

— pentosans in, 284. 

— variation in digestibility of, 315. 
“Food hormones” t?. Yitamines, 298. 

— digested, absorption of, 802. 

— poisons, 399. 

Foods, albuminoid ratio of, 315. 

— and feeding, 805. 

— ash constituents of, 329. 

— availability of, 311. 

— composition of, 305. 

— concentrated forms of, 306. 

— digestibility of, 310. 

— digestible albuminoid and nitrogen¬ 

ous matter in, 316. 


Foods, digestible constituents of, 316. 

— digestion coefficients of, 312. 

— heat of combustion of, 315. 

— manurial value of, 334. 

— proportion of, retained by animals, 

335. 

— relative feeding value of, 324. 
Foodstuffs, analysis of, 282. 

— by-products used as, 305. 

— calorific value of, 315. 

— money value of constituents of, 383. 

“ Fore milk,” 357. 

Formaldehyde, formalin, 399. 

— as fungicide, 398. 

— as milk preservative, 383. 

— formation of, in plants, 244. 

Formic acid, 209. 

Fowl dung, 131. 

Fowler’s solution of arsenic, 388. 

Frost and thaw, action of, in soil forma¬ 
tion, 47. 

Frozen milk, 348. 

Fructose, 199. 

Fruits, 258. 

Fucose, 197. 

Fumaric acid, 212. 

Fumigation, 400. 

Fungi, action of, on organic matter in 
soil, 70. 

Fungicides, 398. 

Furfuraldehyde, furfurol, 204. 

— precipitation of, as osazone, 206. 
Furfuroids, 196, 205. 

G. 

Galactase, 369. 

Galactose, 198,198. 

— from ^ms, 204. 

-milk sugar, 346. 

Gallic acid, 232. 

Gallotannic acid, 212. 

Gamboge, 218. 

Ganister, 160. 

Gases in milk, 347. 

— of blood, 288. 

Gas lime, 171. 

Gas-liquor, 147. 

Gastric juice, 296. 

Gaultherin, 208. 

Gentiobiose, 194. 

Geraniol, 217. 

Gerber tube, 378, 

Gerber’s process of fat estimation, 378* 
Germination, 282. 

Germ meal v. Corn-oil cake, 807. 
Glaciers, action of, 49. 

Gliadins, gliadin, 221,249. 

Globe artichoke, 270. 

Globulin, 221, 223. 

— in milk, 845. 

Gloucester cheese, 868. 









INDEX. 


423 


Gluco-proteins, 221. 

Glucosazone, 198. 

Glucose, 194, 198. 

— from milk sugar, 346. 

Glucosides, 197, 207. 

— cyanogenetic, 227. 

Glutamic acid, 222. 

Glutamine, 225. 

Glutelius, glutelin, 221. 

Gluten in wheat, 249. 

— meal, 309. 

Glycerol, glyceryl hydroxide, 209. 

— from hexoses, 198. 

-butter-fat, 340. 

Glyceryl salts in butter-fat, 340. 

Glycine v. Glycocoll. 

Glycocholic acid, 300. 

Glycocoll, 124, 221, SOI. 

Glycogen, 196, 201, 294, 300. 

Glyoxylic acid, 224. 

Gneiss, 46. 

Gooseberry, 259. 

Gorgonzola cheese, 368. 

Grain crops, 248. 

Granite, 45. 

Granulose, 201. 

Grape, 264. 

Grass, 271, 272, 273. 

Gravitation, effect of, on liquids in soil, 

68 . 

Green manuring, 174. 

“Green vitriol ’’ v. Ferrous sulphate, 401. 
Grits, 45. 

Ground nuts, 255. 

Gruydre cheese, 368. 

Guaiacol, 397. 

Guanine, 181, 227, 293. 

Guano, 46, 180. 

-- bats’, 133. 

— Damaraland, 130. 
fish, 134. 

— meat, 137. 

Guinea grass, 223. 

Gulose, 193,198. 

Gum arabic, 203. 

— resins, 218. 

Gums, 203. 

Gun-cotton, 14, 203. 

Gypsum, 19, 46. 

— application of, to manure heap, 128. 

— as manure, 170. 


H. 

Haber process, 162. 
HsemaMn, 288. 

Haematite, 19, 58. 
Haemato-porphyrin, 288. 
Hsemochromogen, 288. 
Haemoglobin, 287. 

—• oxy-, 287. 


Hair as manure, 138. 

Hard cheeses, 368. 

Hay crops, composition of, 277. 

-pentosans in, 284. 

— making, 272. 

— meadow, 277. 

— odour of, 275. 

— stacks, 274. 

Heat of combustion, measurement of, 11. 
Helium in atmosphere, 80. 
Hemicellulose, 206. 

Hermite process, 891. 

Hexosans, 196, 204. 

Hexoses, 193, 198. 

— configuration of, 193. 

Hippuric acid, 303. 

-production of, from ligno-cellu- 

loses, 206. 

Histidine, 222. 

Histones, 221. 

Hoof waste as manure, 138. 

Hordoin, 251. 

Hornblende, 44. 

Horn waste as manure, 188. 

Horses, excrement of, 118. 

-of, amount of, 123. 

— standard rations for, 827. 

Human milk, 361, 873. 

Humanised milk, 873. 

Humic acid, 66. 

Humin, 56. 

Humulene, 215. 

Humus, 65. 

estimation of, in soil, 98. 
retentive and absorbent powers of, 
68., 

: Hydro-bilirubin, 802, 

Hydrocarbons, paraffin, 15. 

•— olefine, 15. 

Hydrocyanic acid, 400. 

--in plants, 228, 254. 

Hydrofluoric acid, 895. 

Hydrofluosilicio acnd, 896. 

Hydrogen, 10, 

— peroxide, 86, 245. 

--as disinfectant, 396. 

Hydrolysis, acid, of furfuroids, 204. 

— of cane sugar, 199. 

— of fats, 210. 

— — — by gteapsin, 299. 

— --in intestines, 299. 

— of glucoades, 208, 228. 

— of hippuric acid, S04. 

— of lactose, 846. 

— of pectins and peotose, 207. 

— of pentosans, 204, 

— of polysaccharoseS', 19S). 

— of proteins, 221. 

— of tannin, 212, 

— of xylan, 197. 

Hydrometer scales, 406. 

Hypoxanthine v. Sarcintj. 
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I. 

Ice, action of, in soil formation, 47. 
Idose, 193, 198. 

Igneous rooks, 44. 

Indian corn v. Maize, 252. 

Indican, 208, 304. 

Indigenous soils v. Sedentary soils, 47. 
Individuality of cows, 358. 

Indole, 124, 300. 

indoxyl sulphuric acid, 208, 304. 
Ingenhousz, J., 5. 

Inorganic salts in plants, 218. 

Inosite, inositol, 294. 

Insecticides, 394 
Insects as manure, 139. 

Interpretation of soil analyses, 107. 
Intestines, changes in, 294 
Inulin, 196, 202. 

Inversion, 199. 

Invertase, 199. 

Iodine, 21. 

— as disinfectant, 395. 

— in the animal, 329. 

— presence of, in caliche, 143. 
Ionisation, 86. 

Iron, 19. 

— compounds in mineral phosphates, 

153. 

-in soils, 58. 

— dephosphorisation of, 161. 

— functions of, in animals, 288. 

-of, in plants, 220. 

— sulphate v. Ferrous sulphate, 401. 
Irrigation, 40. 

Isoleucine, 221. 

Isothermal layer in atmosphere, 27. ■ 
Isotonic solutions, 239. 

j- 

Jerusalem artichoke, 202, 270. 

K. 

Kaffir corn, 254. 

Kainite, 168. 

— application of, to manure heap, 129. 
Kalkstickstoff, 149, 

Kaolin, 20, 45. 

Katabolism, 235. 

Kephir, 871. 

Keratin, 295. 

Ketones, 216. 

Ketoses, 193. 

Kidney beans, 255. 

Kieserite, 165. 

Kjeldahrs process, 95. 

Kohlrabi, 267, 279. 

Koumiss, 871. 

Kraal manure, 119. 

Krypton in atmosphere, 30. 


L. 

Lab, 343. 

Labradorite, 43. 

Lactase, 344 

Lactic acid in milk, 346. 

— fermentation in intestines, 299. 

“ Lacto-chrome,” 341. 

Lactometer, 379. 

Lactose, milk sugar, 345. 

Lahn phosphate, 156. 

Lambs, standard rations for, 327. 

Land plaster v. Gypsum, 170. 

Laurie acid, 340. 

Lavoisier, 1, 5. 

“ Law of minimum,” Liebig’s, 110. 
Lead arsenate, 399. 

Leaves as litter, 122. 

— assimilation by, 240. 

— cause of rigidity of, 238. 

— functions of, 240. 

— stomata of, diffusion through, 242. 
Lecithin, 286, 300. 

— constitution of, 211. 

Leffmann-Beam’s process of fat estima¬ 
tion, 377. 

Legumin, 221. 

Leguminous crops, 271. 

— seed crops, 256. 

Leicester cheese, 368. 

Lemon, 261. 

Lentils, 266. 

Leucine, 124, 221. 

Leucocytes in blood, 288. 

Levulin, 196, 202. 

Levulose v. Fructose, 199. 

Lichenin, 201. 

“ Licks,” 331. 

Liebig, 6,110. 

Lignification, 206. 

Lignite, 46. 

Ligno-cellulose, 206. 

Liguoceric acid, 57. 

Lignose, lignone, 196, 206. 

Lima beans, Java beans, 265. 

Limburg cheese, 368. 

Lime and sulphur dip, 400. 

— as manure, 170. 

— chloride of, 390. 

— determination of, in soil, 100. 

— hydrated sulphate of, 183. 
Limestone, 19, 44, 170. 

— as soil-constituent, 54. 

Limestones, 44. 

Limitations of chemical analysis of soils, 
101 . 

Limonene, 214. 

Limonite, 58. 

Linalol, 217. 

Linamarin v. Phaseolunatin. 

Linoleic acids, 209. 

Linolenic acid, 209. 
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Linseed v. Flax, 257. 

— cake, 305. 

.11, 209, 257. 

LitMum, 22. * 

Litter, 120. 

Loams, 58. 

Locust destruction, 389. 

“ London purple,” 390. 

Loss on ignition, estimation of, in soils, 
94. 

Lotiisin, lotase, lotofiavin, 228. 

Lucerne, 271. 

Lunge\s method for NO., ostimatious, 
104, 186. ' 

Lupines, 256. 

Lycoxx)dium, 20. 

Lysine, 222. 

Lysol, 397. 

Lyxose, 193. 

M. 

Magnesia, determination of, in soil, 100. 
Magnesian limestone, 19. 

Magnesiuln, 19. 

— function of, in plants, 220. 

— in chlorophyll, 280, 231. 

Magnetite, 19. 

Maize, mealies, 252. 

-- bran, 309. 

— by-products from, 309. 

— varieties of, 252. 

Malic acid, 212. 

Malt culms, 308. 

— sugar V. Maltose. 

Maltase, 228. 

Maltodextrin, 201. 

Maltose}, malt sugar, maltobiose, 104,200. 
Mandelo-nitrile glucoside t?, Pnmasin. 
228. 

Manganatesof potasli, and soda as disin¬ 
fectants, 396. 

Manganese, 21. 

Mangolds, 267. 

Manna, 198, 205. 

Mannitol, 190, 498, 205. 

Mannose, 198, 198. 

Manure, definition of, 114. 

~ farm-yard, 116. 

— application of, 178. 

— kraal, 119. 

Manures, 113. 

— analysis of, 183. 

— applieatfon of, 178. I 

*— eafialjMc, 172. | 

~ concentrated, application of, 175. 

-- determination of nitrogen in, 186. 
of P^Ojj in, 187. 
general, 116. 
rniseellaneous, 168. 

— nitmgenous, 142. I 

— application of, 176. ; 


Manures, organic, 130. 

— phospliatic, 153. 

-application of, 179. 

— potash, 165. 

-application of, IHl. 

— special, 142. 

— valuation of, 188. 

Manurial value of foodstuflH, 384. 

-of urine, 120. 

Manuring, 113. 

— green, 174. 

Marble, 19, 44. 

Margarine, olooniargari no, I»u tbo ri lu?, 
366. 

Marl, 58,170. 

Marrow of bonoK, 291. 

Mass action, HK. 

Mate, 22, 227. 

Maysin, 253. 

Meadow c njps, 271. 

“Mealies” n. Maize, 252. 

Meat extrac-ts, 294. 

— meal, 137. 

Mecnwdiainn, 19, 

Melihiaso, 200. 

Melihiose, H)4, 2()(). 

Melon, 263. 

Membranes, Homi“pijrmcuiblc, 23f>. 
Menthol, 215, 216. 

MeiithoiK}, 215. 

MereeHsed <!otton, 202. 

Mereunc ehlorid<}, 398, 402, 403. 
Mercury salts, i^ffeet of, on plants, 403, 
Merits, comparativ<}, of llaNCX and 
(NH4)*^H(i4, 177. 

Metaimlkm, 234. 

Mefcamonduc rocks, 44. 

Motapectin, 207. 

Mofcaproknn, 221, 

Methyl pentostis, 196, 197. 

— salicylate, 217. 

Metric system of units, 409. 

Mica, 20, 43. 

Micrococci, 71. 

Mkrocaecm urme^ 71. 

Micro-organisms, 69. 

“Middlings,” 309. 

Milk, aeddity of, 340. 

— adulteration of, BBl. 

— albuminoids of, 842. 
analysis of, 876. 

— and milk products, 839. 

— as gertii-sprcading mediutii, 1174. 
asii of, 346. 

— butter-, 366. 

— condenseid, 370. 

— constitutettte of, 339. 

— cows’, 847. 

composition of, 348. 

— —- infiiience of Imeod c,»n, 84!l. 

Qf fofni 3112. 

of individuality on, 85H. 
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Milk, cows’, influence of manner of 
milking on, 354. 

-of period of lactation on, 351. 

-of season on, 354. 

— “ deep setting ” of, 362. 

— detection of preservatives in, 382. 

— estimation of fat in, by Adam’s 

method, 376. 

-centrifugal methods, 

377. 

-Gerber’s method, 

378. 

-Leffmann-Beam me¬ 
thod, 377. 

-Werner-Schmid me¬ 
thod, 377. 

-of milk sugar in, 380. 

— -of proteids in, 380. 

-. of specific gravity of, 379. 

-of total solids in, 379. 

— fat of, 339. 

— frozen, 348. 

— gases in, 347. 

— human, 361, 373. 

— humanised, 373. 

— of various animals, 361. 

— pasteurisation of, 373. 

— powder, 371. 

— preservation, 372. 

— products, 361. 

— ripening of, 365, 367. 

— separators, 362, 367. 

— sMmmed, 364. 

— stan^rds, 386. 

— stea^lsation of, 372. 

— sugir, 345. 

Millet, 254. 

Millon’s reagent, 223. 

“Mineral alkali,” 18. 

Mineral, definition of, 43. 

“Mineral theory,” of Liebig, 7. 
Minerals, 43. 

Mockern process, 186. 

Moisture, determination of, in soils 
94. 

Molasses, 384. 

Monkey nut v Ground nut, 255. 
Monocalcium phosphate, 154. 
Monosaccharoses, 192,196. 

Morphine, 14, 227. 

Moulds, 70. 

Mucin, 295, 300. 

Muriate of potash, 167. 

Muscle, 293. 

— stroma, 293, 

Musculin, 293. 

Myoglobin, 293. 

Myosin, 293. 

Myrcene, 215. 

Myristic acid, 209, 340. 

Myrosin, 218. 

Myrrh, 218. 


N. 

Neon in atmosphere, 30. 

Nerol, 217. 

Neufch^tel cheese, 368. 

Nicotine, 226. 

Nitragin, 77. 

Nitrate of lime, 150, 179. 

— of soda, 142, 176. . 

-comparison of, with 

(NH4)2.S04, 177. 

-consumption of, 145. 

-perchlorates in, 144, 18G. 

-valuation of, by [^refraction, 

186. 

Nitrates, deposits of, 13, 142, 152. 

{ — destruction of, by starch, 80. 

— estimation of, in soils, 103. 

Nitric acid in atmosphere, 33. 

-— rainfall, 84. 

— organism, 73. 

Nitrification, 71. 

— essential conditions for, 73. 

Nitrites, estimation of, in soil, 105. 
Nitro-hacter, 73. 

Nitro-bacterine, 78. 

Nitrogen, 13. 

— Estimation of, in a manure, 186. 

— --in foods, 282. 

-in soil, 95. 

— fixation of, through symbiosis, 77. 

— fixing organisms in soils, 75. 

— in atmosphere, 27. 

— loss of, from manure heap, 128. 

— proportion of, in food retained by 

animals, 336. 

— putrefaction of combined, 78, 124. 

— utilisation of atmospheric, 149, 150. 
Nitrogenous manures, 142, 186. 

— proteid matter in plants, 246. 

— substances in plants, 220. 
Nitro-glycerine, 14. 

Nitrolim, nitrolime, 149. 

, Nitroso-coccmy 73. 

Mtroso-mcmaSf 78. 

Nitrous organism, 73. 

Nonose, 192. 

Nucleon in milk, 846, 

Nucleo-proteins, 221. 

Nutritive ratio v. Albuminoid ratio. 
Nuts, 266. 

O. 

Oat hay, 251, 830. 

— straw, 251. 

Oats, 251. 

— by-products of, 809. 

Oil-cakes, 305. 

--manufacture of, 210. 

-value of, as naanures, 141. 

Oils, drying and non-dryinf, 209. 
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Oils, essential, 218. 

— extraction of, 210. 

Olefine series, 15. 

Olefinic terpenes and sesquiterpenes, 
215 

Oleic acid, 209, 340. 

— series of acids, 209. 

Oleomargarine v. Margarine, 2(i6. 
Oligoclase, 43. 

Olivine, 44. 

Orange, 261. 

Organic acid's, 16. 

— ~ and their salts, 211. 

~ chemistry, meaning of, 16. 

— manures, 130. 

— matter in atmosphere, 39. 

Organisms, micro-, 71. 

Ornithine, 222, 

Orthoclase, 16, 43. 

Osazones, 198. 

Osmosis, theory of, 236. 

Osmotic pressure, 236. 

— — with regard to plants, 23H. 

Ossein, 291. 

Osteolite, 17. 

Osteoporosis, 291, 329. 

Ox, clot of blood of, 186. 

Oxalates of potasHiurn and calcium, 212. 
Oxalic acid, 212, 268. 

Oxidation, process of, 11. 

— seat of, in Imdy, 29. 

Oxygen, 11. 

— absorption of, during flowering, 246, 

— - ~ — in gemination, 2M, 

—. in haymaking, 274. 

~ action of, in denudation, 49. 

as disinfectant, 395. 
evolved from leaves, 244. 

~ in atmosphere, 28. 

— in blood, 288. 

~ in expired air, 290, 

in ioil-gases, fil. 

■— need for, in nitrification, 74. 
Oxyhsemoglobin, 288. 

Oxypmline, 222. 

0mm as disinfectant, 896. 

•— in atmosphere, 85. 

R 

PalmiMc acid, 299, 340. 

Palm-nut caka, W. 

— meal, 807. 

Pancreatic juice, 298. 

Para-cresol, 800. 

Paraffin series, 15. 

Paraffinic acid, 67. 

Parapeptic acid, 207. 

Parasitism, 77. 

Parchment paper, 208, 

Paris green,899. 

Parmesan cheese, 868, 


Parsnip, 270. 

Pasteurisation, 378, 

Pea, 265. 

Pea-nut cake v, Blartii-nut cake, SOT, 
Pea-nuts, ground-nuts, monkey-nutH, 

C)KK 

l’ear,'259. 

— avocado, 205, 261. 
r*earl barley, 251. 

millet, 254. 

Peat, 46. 

— as litter, 121. 

Poctase, 207. 

Poetic acid, pectin, pectoso, 207. 

Pectin substances, 196, 207, 

Pentosan, cornpoHition of a, 208, 
PeiitoHans in fodder, 284. 

P(nitogc3S, 198, 190, 

^ — methyl, 197. 
j Pepsin, 296. 

I f’(![)h)n(iH, 221. 

I Percblorahis, effect of, on Heeds, 144, 
i — estimation of, 181). 

I'erseitol, 196, 205. 

Persinnnon, 264. 

IVitroleum as inwjctieide, 400. 
Phastuihmatin, 228, 806. 

Phellandrcne, 215. 

Idienol, >100. 
i—~ as (lisinfectatit, 397. 

PIiciioIh, 216. 

Phenyl-alanine, 221. 

— Hulphurfc acid, 105, 801, 

Phlogiston theory, 2. 

Phloridssin, 208. 

Phosphatci, mineral, prcKluctfon of, 155, 
insoluble, in manuroH, IHI, 
soluble, in maniinis, 179. 

Phosphatic manures, 158. 

valuable ingredients of, IB5, 

— nitrogenous manures, 185. 
Phospho-pnitei ns, 221. 

Phosphonjarnic atsld, 345. 

Phosphoric atdd, available inbaalt* slag, 

168 . 

I — — -- in fioik 100. 

! citrate-solubility of, 101. 

.... — estimation of, in manures, WT. 

ij^ KX). 

-form of, in nianiimB, 15S. 

— — in drainage water, 85. ^ 

-- in guano, 180. 

— — limit of, in sciils, ICX). 

— tnanurial value of, 190. 
pmportion of, in food, retahi«d by 

anitnak, 885. 
retention of, by soils, 62. 
Phosphoritets, 17,15*1 
Phosphorus, 17. 

function of, in plants, 219. 
Phyto<5hlori,rt, 280. 

Piryfcorhwlitt, 280. 
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Phytosterol, 211, 

Pliytyl chlorophyllide, 230. 

Pialyn v. Steapsin, 299. 

Picoline carboxylic acid, 57. 

Pig, excrement of, 117. 

-amount of, 123. 

— standard rations for, 327. 

Pigeon dung, 132. 

Pineapple, 262. 

Pinene, 214. 

Pixine, 343. 

Plant, 232. 

— food, availability of, 101. 

-improvement of, in soil, 113. 

-removed by average crops, 281. 

— poisons, 403. 

Plants, action of light on, 240. 

— constituents of, 192. 

— diminished growth of, in towns, 37. 

— flowers and seeds of, 246. 

— formation of formaldehyde in, 244, 

— leaves of, 240. 

— leguminous, nodular swellings of, 77. 

— main parts of, 235. 

— position of oil in, 213. 

— roots of, 235. 

— stems of, 240. 

— turgescence of cells of, 238. 
Plasmolysis, 239. 

— by spraying, 392. 

Plumule, 234. 

Poisons, contact, 400. 

— food, 399. 

— plant, 403. 

Folycar^cBa spirostylis, 391. 

Polyhalite, 165. 

Polypeptides, 221. 

Polysaccharoses, 196, 200. 

— hydrolysis of, 198. 

Pomegranate, 263. 

Pop corn, 252. 

Potash, amount of, in drainage waters, 
85. 

— compounds, retention of, by soils, 

18, 85,181. 

— determination of, in soils, 99. 

— felspar, 17, 43. 

— limit of, in soils, 100. 

— loss of, through skin, 119. 

— manures, 165. 

r-production of, 166. 

-valuable ingredients of, 186. 

— manurial value of, 190. 

— muriate of, 167. 

»— permanganate of, 396. 

—- proporMon of, in food retained by 
animals, 335. 

■— sulphate of, 168. 

Potassium, 17. 

— chloride, 167. 

— estimation of, in manures, 188. 

--in soils, 99. 


Potassium, function of, in plants, 219. 

—' nitrate, 152. 

— oxalates, 212. 

— sulphide as fungicide, 399. 

Potato, sweet, 229, 270. 

Potatoes, 268. 

Preservation of milk, 372. 

Priestley, Jos., 1, 5. 

Producer gas, 146. 

Products, miscellaneous, used in agri¬ 
culture, 388, 

Proline, 222. 

— oxy-, 222. 

Protamines, 221,223. 

Proteids, 220. 

— classification of, 221. 

— estimation of, 224, 380. 

— formation of, in plants, 246. 

— tests for, 223. 

Proteoses, 221. 

Protozoa and amoebae, 70. 

Prunase, 228. 

Prunasin, 228. 

Prussic acid, 14, 227, 254, 306. 

-as insecticide, 400. 

Psilomelane, 21. 

Ptyalin, 296. 

Pumpkin, 263. 

Pyrethrum, 400. 

Pyrocatechin sulphuric acid, 804. 
Pyrolusite, 21. 

Pyroxylin u. Collodion. 

Pyrrole, 230. 

Q. 

Quartz, 20, 43. 

Quartzites, 46. 

Quercetin, 197,208. 

Quercitrin, 197, 208. 

Quinine, 14, 227. 

R. 

Radicle, 234. 

Badiobacter, 75, 

Radish, 270. 

Raffinose, 196, 200,268. 

Radn, acidity of, 33, 87. 

Rainfall, average, 83. 

Rain-water, analysis of, 88. 

-chlorine in, 39, 83. 

Rancidity of butter-fat 842. 

Rape-seed cake, 141, 807. 

Rations, standard, 327. 

RacknageTs phenomenon, 847. 

Redouda phosphate, 156. 

“ Refraction ” valuation of Na3SfO» by, 
186. 

Reichert-Wollny process, 888. 

Relative abundance of elements, 28. 
Rennet, 296, 848, 
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ReriBin, 348. 

Resenes, 218. 

Resins, 208. 

— the gum, 218. 

__ hard, 218. 

Respiration in animals, 280, 

— in plants, 246. 

ResThratory process of animals, 18. 

— qiiotitmt, 260. 

Reversible reactions, 81). 

Rhainnose, rhaninitol, 19G, 197. 

Ri hose, 198,197. 

Rice, 258, 

— by-products of, 809. 

.- polish, 254, 809. 

Rici 11, 257,307. 

Ricinoleic acid, 209. 

Rock salt, 20, 46. 

Rocks, calcareous, 46. 

- - classification of, 44. 

— igneous, 45. 

— jnctainorphic, 46. 

—■ sedimentary, 45. 

Root crops, 2G5. 

--- hairs,acudsin, 218. 

.. nodules in leguminous plants, 77. 

— pressure, 289. 

Roots, 285. 

Roquefort cheese, 86H. 

Rosin, 2IB. 

Rotation of crops, 279. 

— - systems of, 2H2. 

Rust, 862. 

Rye, 250. 

Rye-gmss, 276. 

S. 

Saecliarates, 199, 

Baw:5charol)iost», 199. 

H(icchafoniyeM cereinum^ 198. 
BaccharcmiH, 192. 
di-, 194,199. 
mono-, 192,196. 
poly-, 196, 200. 

Safrol,*216. 

Halicin, 208. 

8 al i cy la Id 0 hyde, 216, 

Halicylic iwnd, 217, 874,8B2. 

Saliva, 295. 

Salt, common, as mamire, 16B, 
rock, 20,46. 

Salts, inorgani< 5 , in plants, 2IB. 

— potash, in manures, 165, IBl, 1H8. 
SaJufar,*’ B96. 

Sanabunigrin, 208, 2 M. 

Sand, 20, 51. 

— as soil constituent, 51. 
Sandarach, 21 B. 

Sandstones, 45. 

“ Sanitas,’^ 396. 

Santalene, 215. 


Saponification (jquivalcnit, 8H4. 

Sarcino, 298. 

Sarcolactic acid, 294. 

Sawdust as litter, 122. 

Scales, thermometnc, 408. 
Scaminoniuin, 218. 

Scheekdsgreen, 8i)9. 

Schlmsing’H method for NO., ostimabion, 
104, 186. 

Schocnite, picroincrifce, 165, 167. 
Seloropi'otein,s, 221. 

‘‘Screenings,” 809. 

‘‘ Seruh exhu’minator,” 890. 

Sea-W(Uid, 185. 

Sedentary soils, 47. 

Seeds, extraction of oil from, 213, 805. 

.. leguminous, 255. 

i mi.scudlaneous, 256. 

Selenite, 19. 

Scini-penncuible mombrancH, 286. 

Serine, 221. 

Serpemtine, U). 

Scisame cakc^, 808. 

Sesciuitcirperu'S, 215. 

Shalc'S, 45. 

Sharps, 809. 

! Slice}), analysis of blood of, 136. 
i excrennmt of, 118. 
i standard rations for, 827. 
j Shoddy manure, 188. 
j Shorts, 809. 

I Silage, 275. 

. (5C>m}K)sition of, 277. 

: “ sour,” 275. 

; - - “ sweet,” 275. 

I Silica, estimation of, in soils, 98. 
i — in cuTcals, 248. 

I Silicates of magnfjsia, 44. 

I Silicon, 20. 

: - futiction of, in i)lanbH, 219. 

-- totrafiuoride, 157, 

Silos, 275. 

Sinai bin, 208. 

Sinapine acid suIf)bate, 20B, 

Sinigrin, 20H. 

Sinter, 46. 

Skatole, 800 
Skimmed milk, 864. 
i Slatas, 46. 

! Smut, 899. 
i Soap, 210, 

I “• m insecticide, 400. 

I ‘ in the bile, 8(K). 

1 Sodium, IH. 

!.. bicarbonate as milk pmscsrvative. 874. 

i borate, IB. 

I function of, in plants, 220, 

! hydrogen sulphate, 129. 

; - iodatt), 148. 
jnitrate v. Nitmte of wala. 

Soft chf*^)K, 867. 

■■ ■— com, 252. 
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Soil analyses, examples of, 110, 

-interpretation of results of, 107. 

— definition of, 42. 

— gases in a, 81. 

— “ pans,” 68. 

— water in a, 63, 82. 

Soils, absorption and retention by, 61. 

— bacterial activity of, measurement 

of, 106. 

— biology of, 69. 

— black, of Russia, 56. 

— “brak,” 41,'68. 

— changes in inorganic matter of, 60. 
-in organic matter of, 69. 

— chemical analysis of, 94. 

-by Dyer’s method, 101. 

-limitations of, 101. 

— classification of, 68. 

— colour of, 58. 

— denitrification in, 79. 

— distribution of dissolved substances 

in, 63. 

— formation of, 46. 

-action of air in, 49. 

-bacteria in, 51. 

-earthworms in, 49. 

-vegetation in, 51. 

--water in, 47. 

— improvement of, 113. 

— mechanical analysis of, 93. 

— nitrification in, 71. 

— nitrogen-fixing organisms in, 75. 

— odour of, 58. 

— origin of, 46. 

— proximate constituents of, 51. 

— reactions occurring in, 60. 

— sampling of, 92. 

— sedentary, 47. 

— sourness of, 56. 

— toxic substances in, 57, 80. 

— transported, 47. 

Soja-bean, 176, 265, 807. 

Solanine, solanidine, 269. 

Solid matter in air, 39. 

Solubilities of various salts, 409- 
Soot as manure, 189. 

Sorbitol, 196, 199, 206. 

Sorbose, 193,199. 

Sorghum, 254. 

** Sour” silage, 275. 

Sourness of soils, 65. 

Soy-bean cake, 807, 

Spathic iron ore, 19. 

Spiegeleisen, 160. 

Spinel, 68. 

Spirilla, 71. 

Stachyose, 196, 200. 

Stahl, G. E., 2. 

Standard rations, 827- 
Starch amylum, 196, 200. 

— action of diastase on, 200.^ 

— equivalent, 316- 


Starch, soluble, 201. 

Stassfurt, deposits, 165. 

-composition of, 169. 

Steapsin, 299. 

Stearic acid, 209, 340. 

Steatite, 19, 44. 

Steel, 160. 

Stems, function of, 240. 

— rigidity of, 238. 

Sterilisation of milk, 372. 

Stickstoffkalk, 149. 

Stilbite, 62. 

Stilton cheese, 368. 

Stomata, 242. 

Straw as litter, 120. 

Strawberry, 260. 

Straws, analyses of various, 121, 319. 
“Strippings,” “ afterings,” 357. 

Stroma, muscle, 293. 

Strychnine, 14, 227. 

Succinic acid, 212. 

Sucrose v. Cane sugar. 

Sugar beet, 267. 

— cane, 194, 199. 

— formation of, in plants, 244. 

— milk V. Lactose. 

Sugars, pentose, 193, 196. 

— non-reducing, 192. 

— reducing, 192. 

Sulphate, double, of magnesium and 
potassium, 167. 

— of ammonia v. Ammonium sulphate. 

— of potash, 168. 

Sulphur, 17. 

— as fungicide, 399. 

— as insecticide, 400. 

— dioxide as disinfectant, 896. 

-in atmosphere, 37. 

— function of, in plants, 219. 

Sulphuric acid, application of, to ma¬ 
nure heap, 129. 

-determination of, in soil, 108. 

Sunflower-seed, 267. 

--cake, 307. 

Superphosphate, application of, to ma¬ 
nure heap, 129. 

— “basic,” 159. 

— “double,” 158. 

— methods of expressing analysis of, 

168, 183. 

— ** reverted,” 159. 

Superphosphates, mineral, 156. 

Surface pressure, action of, in soil, 

64.. 

Swedes, 266. 

Sweet corn, 252. 

potalo, £29, 270. 

—• silage, 275. 

Syenite, 45. 

Sylvestrene, 214. 

Sylvine, 166. 

I Sylvinic 
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Sylviiiite, 105, 108. 
SralMOSis, 77. 


T. 


Tagatose, 193. 

Talc, 19, 44. 

Talose, 193,198. 

Tanners’ refuse as litter, 122. 

Tannic acid, 212, 

Tannin, 212. 

Tartaric acid, 212. 

Tatlock’s method for estimating ixitash, 
99. 

Taurine, 301. 

Taurocholic acid, 301. 

Tea, ash of, 22. 

— Paraguay v. Mat^. 

Terpenes, 214. 

— olefinic, 215. 

Terpineol, 215. 

Tetraoalcium phosphate, 154. 
Tetrasaccharoses, 196, 200. 

Thaer, 7. 

Theine v. Caffeine, 227. 

Theobromine, 181, 227. 

Thermometric scales, 408. 
Thomas-G^lchrist process, 161. 

Thomas phosphate v, Basic slag. 

** Thomas phosphate meal," artificial, 
164. 

Thymol-m 

Timothy grass, 278. 

Tissue, connective, 294* 

— fatty, 293. 

Titaidum, 22. 

Tobacco smoke as insecticide, 400. 
Toxic substances in soils, 57, 80. 
"-“‘'"transpiration, 284, 240, 245. 

Trap, 45. 

Travertine, 46. 

Trefoil, 271. 

Trehalose, 194, 200. 

Tricalcium phosphate, 158. 
Trigonelline, 225. 

Trimethylamine, 125. 

Trisaechai^oses, 196, 200. 

Triticin, 202. 

Trypsin, 299. 

Trypsinogen, 299. 

Tryptophane, 222, 228, 253. 

Tufa, 46. 

Tull, Jethro, 4. 

Turanose, 194, 

Turnips, 266. 

Turpentine, 214. 

Tyrosine, 124, 221. 

— formation of, from proteids, 800. 


U. 

Uhnic acid, uhtiin, 55. 

Ulsch’s method of N().| detemunatioii, 
186. 

ITnit value of foods, 338* 

— of various inanures, IBH. 

I Urea, 308. 

-- fermentation of, 126. 

Uric aciid, 227, 308. 

in guano, 131. 

Urine, 302. 

— manurial value of, 118, 120. 

V. 

Valine, 221. 

Van Helmont, 3. 

“ Vegetable alkali," IB. 

Vegetation as agent in soil-formation, 

Velvet beans, 175, 256, 27B. 

Vetches, 272, 27B, 318. 

Vinyl sulphide, 217. 

Viola cdlaminaria f 22. 

“ Viscose," 203. 

Vitaminos, 298, 

— in margarine, 366. 

— in milk, 345. 

Vitellin, 221. 

Vivianite, 17. 

“ Volatile alkali," IH. 

Volemitol, 205. 

W. 

Water as agent in soil-formation, 47. 

— estimation of, in crops, 288. 
for irrigation purposes, 40. 

— hot, as fungicide, 899* 
in a soil, 66, 82. 

— ratio of, to dry matter in rations, 

882. 

— table, 66. 

Waxes, 211. 

Weathering, 42. 

“ Weende " method of crop analysis, 282. 

--- ---- objections to, 282. 

Wensloydale cheese, 868. 

Wemer-Sohmid method of fat ©stims- 

tion, 877. 

Westphal balance, 879. 

Wheat, 249. 

by-products of, 809. 

— straw, 121, 819. 

Whey, 867. 

colloidal casein in, 048. 

White arsenic v. Arsenious oxide. 
Wiborgh phosphate, 164. 

Willesden paper, 202, 

Wolfits feeding standards, 326. 
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Wdlters’ phosphate, 164. 

Wood creosote as disinfectant, 397. 
Woodruff, 275. 

"Woollen waste as manure, 138. 
W^rought iron, manufacture of, 168. 


Yeast, action of, on maltose, 2(3t). 

— influence of, on hexoses, 198. 

Yeasts, action of, on organic matter in 
soils, 70. 


Xantliates, 396. 

Xanthine, 57, 131, 227. 

— in muscle, 293. 

— in urine, 303. 

Xanthophyll, 229, 341. 
Xanthoproteic reaction, 223. 
Xenon in atmosphere, 30. 

Xylan, 197. 

Xylose, 193, 197. 

— production of, from gums, 203. 


Zein, 223, 253. 

Zeolites, 61. 

Zeolitic silicates, 62. 

Zinc, 22. 

— blende, 22. 

— chloride as disinfectant, 397. 
Zingiberene, 215. 

Zymogens, 296. 
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